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TERNAL MEDICINE 


Editorials 





AMMONIA INTOXICATION AND HEPATIC COMA 


MMONIA intoxication has yet to be established as the causal factor in hepatic 
coma, although several observations suggest this to be the case. Nevertheless, 
the significance of high blood ammonia values in liver disease and the influence that 
recent advances in this field should exert on treatment demand critical review. 
Ammonia metabolism had been intimately related to liver function even before 
Krebs gave precise details of the synthesis of urea from ammonia in the liver. The 
greatest concentration of ammonia is in portal vein blood after protein ingestion 
reflecting enzymatic activity on dietary nitrogen. Values higher than in peripheral 
veins are found in renal vein blood, and recent work has indicated that the arterial 
concentration is higher than peripheral venous.’ It is possible also that ammonia 
may be derived from other sources. Elevated fasting peripheral blood ammonia 
levels in certain patients with hepatic cirrhosis were originally attributed to 
shunting of portal blood through collateral vessels, an explanation in accord with 
observations made on the Eck-fistula animal. Later work confirmed this hypothesis, 
but demonstrated that the portal vein ammonia might also reach the systemic 
venous circulation by passing through a diseased liver; consequently, high blood 
ammonia values could be anticipated in any type of liver disease.2 Accumulation of 
ammonia in peripheral vein blood thus depends on liver function, size of portal 
collateral circulation, and the extent of its production or removal by other tissues. 
The incrimination of ammonia intoxication in hepatic coma is suggested by the 
observation that the characteristic neurological and EEG changes may be precipi- 
tated in certain patients with cirrhosis by the administration of ammonium salts, 
by mouth or intravenously ; urea, or dietary protein. Ammonia can be derived from 
all these substances, and neurological deterioration is usually accompanied by a 
rise in peripheral vein ammonia values. Furthermore, it is agreed that peripheral 
vein ammonia levels are usually higher in hepatic coma than in uncomplicated liver 
disease, although it is stressed that values cannot be related to the severity of the 
clinical state and sometimes fall within the normal range, even with deep coma. 
The significance of excess or deficiency of any agent in the pathogenesis of 
hepatic coma can be confirmed only by demonstration of a specific metabolic effect 
on the central nervous system. It has been postulated that cerebral deprivation of 
ketoglutaric acid due to its combination with ammonia to form glutamic acid is a 
—— 
Submitted for publication March 9, 1956. 
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possible explanation of the metabolic defect in the brain. This hypothesis is 
compatible with the high uptake of ammonia by the brain in hepatic coma? and the 
elevated levels of glutamine in peripheral blood and cerebrospinal fluid due to the 
subsequent amidation of glutamic acid. However, several factors, including the 
increased amounts of keto acids in peripheral blood, conflict with this theory and 
have prompted the suggestion that the deficiency of a-ketoglutaric acid is behind 
the blood-brain barrier despite higher than normal levels in peripheral blood. These 
are crucial investigations, and more comprehensive studies with full clinical details 
are awaited. 

Assessment of these results is difficult. It may be that blood ammonia levels 
signify no more than the ammonia, derived from dietary protein and permitted to 
remain in the systemic circulation by a diseased liver and other tissues, being 
roughly proportional to some more toxic constituent of portal blood derived from 
the gastrointestinal tract and as yet unidentified. In this respect, it is relevant that 
oral methionine will precipitate neurological deterioration in patients with liver 
disease without elevation of peripheral vein ammonia levels.* Alternatively, apparent 
discrepancies could be explained on other grounds. Peripheral blood levels are 
unlikely to reflect intracellular ammonia in the brain accurately. 

Moreover, the important observation of Bessman and Bradley?’ of a regularly 
higher arterial than peripheral venous blood ammonia concentration indicates that 
tissues (e. g., muscle) remove ammonia. Mechanisms for this exist, and the extent 
to which it occurs depends in part on the arterial concentration. It is not surprising, 
therefore, that, in the hands of these authors, arterial ammonia correlates far 
better with the state of consciousness of patients with hepatic disease than does the 
ammonia in the peripheral vein. The extreme complexity of hepatic coma and 
well-known methodological difficulties in its determination make further supportive 
work necessary. A more specific method of estimating ammonia is desirable, since 
it is impossible to prevent the immediate liberation of ammonia from substances in 
shed blood, thus masking the “free”? ammonia, which is presumably the more 
important. 

The experienced clinician might speculate on other reasons for the lack of 
correlation between blood ammonia levels and neurological status in hepatic coma. 
Apart from ultimate loss if consciousness, there is no great similarity between the 
deep jaundice with screaming delirium of fulminant hepatitis, the tranquil decline 
of many patients with cirrhosis, and the bizarre chronic personality changes with 


prominent motor disorder which may complicate portacaval anastomosis. Is it 
therefore justifiable or necessary to incriminate a single cause? 

It is reasonable to attribute those signs (personality changes, flapping tremor, 
increased tendon reflexes, and muscle tone) which can be precipitated by nitrogenous 
material to a toxic nitrogenous substance of portal vein origin. Ammonia may be 
responsible, since it is in cases with gross nitrogen intolerance that the best 


correlation occurs. In individual patients this syndrome is of variable prominence, 
however, and additional factors are likely to be of significance, especially when 
rapid disintegration of liver tissue could permit more widespread metabolic 
disturbance or when disorders of water and electrolyte balance complicate the 
clinical picture. 

The practical application of these recent advances in the management of patients 
demands careful assessment of each case because, in the absence of specific therapy, 


treatment must be directed at the cause of coma. It is still true to say that “no 
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laboratory investigation will distinguish the comatose from the noncomatose,” and 
estimation of blood ammonia has little value as a routine procedure, as it is not a 
practical test of liver function or prognosis. Furthermore, it is a laborious procedure, 
involving timed pipetting of aliquots at the bedside, rapid titration, and the deter- 
mination of “normal” values in each laboratory. It is unreliable in the hands of 
those unused to microtitration, and the evaluation of normal or equivocal results 
is difficult. Values more than twice normal will support a diagnosis of “hepatic 
coma,” but early recognition of the neurological sequence, which may occur without 
obvious deterioration in liver function, remains the most certain method of diagnosis. 

Precipitating factors of coma (such as gastrointestinal hemorrhage or inter- 
current infe-tion) should be treated, and known exciting agents (high-protein diet, 
ammonium chloride, acetazoleamide [Diamox], methionine, certain sedative drugs, 
alcohol), withdrawn.‘ 

Patients with chronic or intermittent signs respond dramatically to protein 
restriction, and it is probable that protein should be excluded completely from the 


diet for a short period of time in impending or manifest hepatic coma. Glutamic 


acid is of benefit in certain patients and will usually bring a high blood ammonia 
level to within the normal range,® but in most instances good results have been 
transient and disappointing. There are theoretical grounds for the exhibition of 
chlortetracycline, as it has been shown to protect susceptible patients with liver 
disease from the adverse effects of methionine, and the possible contribution of 
toxic substances from the portal vein in the genesis of coma has led to the use 
of enemata and even purges in treatment.* The clearest indication for cortisone 
is when coma can be attributed to severe acute liver failure, but, again, results 
are disappointing. Careful attention to water and electrolyte balance and the 
maintenance of nutritional requirements with carbohydrate and vitamins given 
by the simplest route are important in all cases. 


WittraM H. J. SumMerskILt, D.M., M.R.C.P. 
STANLEY J. WotrFe, M.D. 
CHARLES S. Davipson, M.D. 


REFERENCES 

1. Bessman, S. P., and Bradley, J. E.: Uptake of Ammonia by Muscle: Its Implications in 
Ammoniagenic Coma, New England J. Med. 253: 1143-1147, 1955. 

2. Sherlock, S.; Summerskill, W. H. J.; White, L. T., and Phear, E. A.: Portal-Systemic 
Encephalopathy, Lancet 2:453-457, 1954. 

3. Phear, E. A.; Ruebner, B.; Sherlock, S., and Summerskill, W. H. J.: Methionine Toxicity 
in Liver Disease: Protective Action of Chlortetracycline, Clin. Sc., to be published. 

4. Davidson, C. S.: Hepatic Coma, in Advances in Internal Medicine, Vol. 8, Chicago, The 
Year Book Publishers, Inc., 1955, pp. 33-63. 

5. McDermott, W. V.; Wareham, J., and Riddell, A. G.: Treatment of “Hepatic Coma” with 
t-Glutamic Acid, New England J. Med. 253:1093-1102, 1955. 





& * Kheoplethysmogram in Mean 
witli, eo Snsufficiency 


G. E. BURCH, M.D., New Orleans 


There has been considerable interest in 
the hemodynamic phenomena associated with 
but most studies 


concerned 


insufficiency ,* 
been 


aortic 
heretofore have with the 
heart and large central vessels. The works 
of Wiggers + and others, as well as the 
interesting theoretic discussions of Glad- 
stone,’* include considerations of relation- 
ships between intraventricular and aortic 
pressure and volume during left ventricular 
systole and diastole. The rates of volume and 
pressure ejection in aortic insufficiency were 
the 
during 


found to be increased over average 


normal circulatory states systole 
and to decline rapidly long before diastole 
began.t Wiggers considered the hemo- 
dynamic changes to be due in part to re- 
gurgitation of blood but also to the sudden 
rise and fall of intraventricular pressure and 


volume ejection during systole. Changes in 


peripheral circulation have been considered 
to contribute to the production of the water 
hammer capillary pulsations and other hemo- 


dynamic manifestations of aortic valvular 
insufficiency, but these concepts have not 
been accepted generally.* The relative roles 
of the central and peripheral physiologic 
nadine 
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adjustments are not yet fully established, nor 


is it known whether or not the cardio- 
vascular state in man with acquired aortic 
valvular insufficiency is significantly dif- 
ferent from the state produced experimen- 
tally in dogs. 

A study of the state of the intact digital cir- 
culation in man with acquired aortic insuffi- 
ciency was undertaken by the rheoplethys- 
attempt to 


mographic § method || in an 


assist in a_ better understanding of the 
arterial and venous sides of the digital 
vascular system and to reveal aspects of 


the influence of central cardiovascular 
changes upon the peripheral circulation. The 
present report includes (1) a description 
of the rheoplethysmogram (RPG) in 10 
subjects with clinically classical aortic in- 


sufficiency, for comparison with the normal, 


and (2) a discussion of the possible con- 
tributing role of the critical closing phe- 


nomenon of Burton in small peripheral 


vessels { in the production of some of the 
hemodynamic alterations in aortic insuffi- 
ciency. 

METHODS 


By means of the venous occlusive pneumo- 
plethysmographic method,# the volumes, rates, and 
accelerations in digital inflow, outflow, 
and differences between inflow and outflow 


recorded simultaneously during a single pulse cycle 


rates of 
were 


§ The term rheoplethysmography is introduced 
to designate the newly developed venous occlusive 
plethysmographic method for continuous measure- 
ment of the volumes and rates of inflow and outflow 
of blood in a part during a single pulse cycle. 
Rheos is the Greek word meaning flow. 

References 17 and 20-22. 

{ References 23-25. 

# References 17 and 20-22. 





RHEOPLETHYSMOGRAM IN AORTIC 
Normal, 2RF 
Heort Levei, B.P. 124/80 
Mean rate of inflow=938 cumm/Scc part /sec 
os |, 
snmmm Oy, 


a= Dy 


cu mm Si: 5 cc. port 


cu. mm Y5 cc. port 








Seconds 


A 


Fig. 1—A, simultaneous mean time courses of volumes of inflow, Iv; 
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Heart Level, BP 160/35 
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Seconds 


outflow, Ov, and 


differences between volumes of inflow and outflow, Dy, for the second right finger tip (2RF) 
obtained from 37 flow measurements in a representative normal subject in a comfortable 
environment and with the digit at heart level. B, simultaneous mean time courses of Iy, Ov, 
and D, for the second right finger tip obtained from 42 different measurements in a subject 
with aortic insufficiency resting in a comfortable environment with the digit at heart level. 


The volumes of flow were relatively high in this subject. 


in 10 subjects with classical aortic valvular insuffi- 
ciency. The subjects were equally divided by sex 
and ranged in age from 22 to 62 years. After they 
had rested for 30 minutes in the sitting position on 
a comfortable chair or in the supine position on a 
hospital type of bed in a comfortable air-conditioned 
room (temperature, 77 F; relative humidity, 60%), 
rheoplethysmograms were obtained as described 
previously.* The second (2RF) and third (3RF) 
right finger tips were studied first at heart level 
and then with the digit 45 cm. above heart level 
in the subjects who were sitting. Normal subjects 
similar conditions for com- 


studied under 


Recording were also obtained in a chilled 


were 
parison. 
room (temperature, 60 F; relative humidity, 54%) 
for the subject with aortic insufficiency with the 
digit both at heart level and 45 cm. above heart 
<cilisnaliatta 


* References 17 and 20-22. 


level and with the subjects covered to the waist 
with a single cotton sheet. 

The rheoplethysmograms of five subjects with 
diastolic arterial hypertension (arterial blood pres- 
sure 248/126, 170/106, 236/148, 188/100, 240/180, 
respectively) and a high pulse pressure were also 
studied to compare rheoplethysmographic effects of 
increased arterial and arteriolar tone and resistance 
with those of subjects with a high pulse pressure 
due to aortic insufficiency. 


RESULTS 
Simultaneous mean time courses of the 
volumes, rates, and accelerations of digi- 


tal inflow 
pwlse cycle for a normal subject are shown 


and outflow during a_ single 


in Figures 14, 24, and 3A and for a patient 
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Normal, 2RF 


Heort Level, BP I24,/80 


Vol pulse wove 
3RF 
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cu mm /5 cc port / sec 


Seconds 


A 


Fig. 2.—A, simultaneous mean time courses of 
B, simultaneous mean time courses of rates obtained from 


flow curves shown in Figure 1/4. 
the flow curves shown in Figure 1B. 


> 


with aortic insufficiency in Figures 1B, 2B, 
and 3B. Differences, as well as similarities, 
in magnitude and time between the curves 
for the subjects with insufficiency of the 
aortic valve and for the normal subjects are 
evident from the illustrations and require 
no detailed description, certain aspects being 
noted hereafter. 

3efore selected aspects of the rheoplethys- 
mographic data are discussed, it should be 
stated that considerable variations were ob- 
served, with overlapping values for the two 
groups of subjects. In spite of rheoplethysmo- 


graphic similarities between the two groups, 


aortic insufficiency tended to produce dif- 
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cu mn /5 ce. port 


‘5 cc. port / sec. 





cu mm / 





Seconds 


rates, Irn, Or, and Dr, obtained from the 


ferences of sufficient interest and importance 
to render them noteworthy. Furthermore, 
only those subjects with severe aortic in- 
sufficiency were selected who were clinically 
free from congestive heart failure and had 
no cardiac irregularities, no attempt having 
been made to study varying degrees of this 
disease. 

VotuME (Ry) Curves or Dicirat BLoop FLow 

A. The Digit at Heart Level—The mean 
volumes of blood flow into and out of the 
finger tip varied considerably among the 
subjects studied. Even though the maximal 
volume of flow attained in the subjects with 
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Fig. 3.—A, 


the rate curves shown in Figure 24. B, 


simultaneous mean time courses of accelerations, Ia, Oa, 
simultaneous 
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Aortic Insufficiency, 2RF 





cu. mm. /5 cc port /sec.* 





and Da, obtained from 


mean time courses of accelerations 


obtained from the rate curves shown in Figure 2B. 


aortic valvular insufficiency with the digit at 
heart level may, at times, have exceeded that 
for the normal subject, it was of short dura- 
tion, so that the mean rate of flow into the 
finger tip did not necessarily exceed that 
for the normal subjects. There was a tend- 
ency for the simultaneous curves of volume 
inflow (Iy) and outflow (Oy) of the sub- 
jects with aortic insufficiency to be more 
widely separated temporally than those for 
the control subjects, but the degree of spread 
in time between the curves of Iy and Oy 
varied considerably among the subjects 
studied. The wide temporal separation be- 
tween the curves of Iy and Oy was especially 


well developed in some subjects (Fig. 44). 
The curve shown in Figure 44 is particu- 
larly interesting in that there was relatively 
little outflow of blood from the finger tip 
during the first 0.12 or first 0.16 second of 
the pulse cycle, while at the same time blood 
was flowing into the digit. 

The volume pulse wave (Dy) tended to 
be of greater magnitude than in the normal 
subject and devoid of the dicrotic notch in 
most of the subjects with aortic insufficiency 
(compare Fig. 14 and B). Absence of the 
dicrotic notch was associated with relatively 
smooth curves for I, and O, (compare Fig. 


1A and B). 
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Fig. 4.—A, simultaneous time courses of volumes, Iy, Oy, and Dy, for the second right 


finger tip obtained for a subject with especially 
environment with the digit at heart level. The he 


high pulse pressure resting in a comfortable 
wrizontal course of the latter half of the inflow 


curve apparently was due not only to low volume of flow in the diastolic phase of the pulse 
cycle but also to leakage of blood past the occluding cuff. B, simultaneous time courses of rates 


obtained from the volume curves shown in Figure 


B. The Digit Forty-Five Centimeters 
Above Heart Level—When the digit of the 
normal subject was elevated 45 cm. above 
heart level, the volume pulse wave (Dy) 
became larger in magnitude and the mean 
rate of inflow declined slightly (compare 
Figs. 14 and 5A). The ascending limb of 
the volume pulse wave (Dy) tended to rise 
more rapidly than with the part at heart level 
(compare Fig. 1B with Fig. 5B), and this 
was associated with an increase in the values 
for Dp and Dg (compare Figs. 2A and 34 
with Figs. 64 and 7A). This change was 
due primarily to a late start or lag in digital 
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outflow early in the systolic phase of the 
pulse cycle (note the Oy, Og, and Ox, curves 
in Figs. 54, 6A, 7A). In fact, in this normal 
subject there was actually a slight decline 
in the rate (Ip, Fig. 64) and acceleration 
(I4, Fig. 7A) of inflow early in the pulse 
cycle, but, because the initial rate of outflow 
declined even more than inflow, a volume 
pulse wave of relatively great magnitude 
resulted. Furthermore, the resultant temporal 
separation of the curves for Iy and Oy tended 
to resemble that observed for the subjects 
with aortic insufficiency with the digit at 
heart level. 
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Aortic Insufficiency, 2 RF 
45 cm. Above Heart Level, BP. 160/35 
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Seconds 


Fig. 5.—A, simultaneous mean time courses of volumes obtained from 37 different measure- 
ments of flow for the same normal subject whose curves are shown in Figures 14, 2A, and 34 


but with the digit 45 cm. above heart level. 


B, simultaneous mean time courses of volume 


obtained from 43 different measurements of flow for the same patient with aortic insufficiency 
whose curves are shown in Figures 1B, 2B, and 3B but with the digit 45 cm. above heart level. 


Elevation of the digit of the subject with 
aortic insufficiency also increased the magni- 
tude of the pulse wave (Dy) over that ob- 
served at heart level, tended to separate the 
initial portions of the Iy and Oy curves 
temporally, almost invariably reduced the 
mean rate of digital inflow, and resulted in 
a greater initial lag in digital outflow (Figs. 
1B and 5B). When added to the preexisting 
lag in outflow, elevation exaggerated the 
differences between the curves of Dy, Dr, 
and Dx, for the normal subject and the sub- 
ject with aortic insufficiency (compare Figs. 
1A, 2A, 3A with Figs. 5B, 6B, 7B). 

Comment.—The volume pulse wave (Dy) 
of high magnitude in aortic insufficiency is 
well recognized and has been considered to 


be the result of the high pulse pressure. A 
volume pulse wave of great magnitude can 
be produced in several ways: (1) a large 
volume of inflow associated with a constant 
outflow, (2) a small volume of outflow 
associated with a constant inflow, (3) proper 
alterations in the temporal relationship of 
inflow and outflow for a given amount in 
the systolic phase of the pulse cycle, and 
(4) various combinations of the foregoing 


possibilities. 


These experiments show that the high 


volume pulse wave (Dy) was due primarily 
to a lag and, therefore, low volume of out- 
flow early in the systolic phase of the pulse 
cycle without necessarily an accompanying 
high volume of inflow. The initial lag and 
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Fig. 6.—A, simultaneous mean time courses of the rates obtained from the volume curves 


shown in Figure 5A. 
curves shown in Figure 5B. 


low volume of digital outflow may be the 
result of the critical closing phenomenon of 
3urton ** because of the low end diastolic 
pressure in these subjects. As these investi- 
gations have shown, when the intraluminal 
pressure declines sufficiently in some of the 
small peripheral vessels, they are closed by 
forces engendered in their walls and extra- 
vascular tissues. They were noted to close 
in different preparations when the intra- 
vascular pressure decreased to levels of 
approximately 10 to even more than 50 
mm. Hg. 
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B, simultaneous mean time courses of rates obtained from the volume 


The large volume pulse waves and the 
frequently high volumes of inflow in the 
subjects with aortic insufficiency are com- 
patible with a fairly distensible arterial 
system without significant elevation in mani- 
fested 
volume pulsations (Dy) and this apparent 


state of tone may be due in large part to 


arterial tone. However, the large 


more complete emptying of the peripheral 


vascular bed of blood in association with 
the low diastolic pressure and critical closing 
phenomenon of Burton. The pallor of the 


skin of these subjects is further evidence 
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Fig. 7.—A, 
shown in Figure 6A. 
rate curves shown in Figure 6B. 


of more complete emptying of the peripheral 
vascular bed during diastole. 

The rheoplethysmograms showed a tend- 
ency to early leakage of blood past the 
occluding described 
Proper occlusion of 


cuff, a phenomenon 


previously. venous 
outflow early in the diastolic phase of the 
pulse cycle ** revealed not only early leakage 
but a low rate of inflow at this time. These 
observations indicate relatively high tone 
in the side of the 


circulation and may also be an expression 


vessels on the venous 


of the critical closing phenomenon and nar- 
a 


+ References 17 and 20. 
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simultaneous mean time courses of accelerations obtained from the rate curves 
B, simultaneous mean time courses of accelerations obtained from the 


row vessels during diastole, when the intra- 
luminal pressure tends to be low.t 


(Rr) Curves or DicitaAL BLoop FLow 


A. The Digit at Heart Level—As would 
be expected from the volume curves, in the 


RATE 


subjects with aortic insufficiency the rate 
of the difference (Dp) between digital inflow 
and outflow increased rapidly early during 
the systolic phase of the pulse cycle, attained 
high levels for a brief moment, and tended 
to decline rapidly well before the beginning 
of diastole or the appearance of the dicrotic 
ae 


t References 23-29. 
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notch ( Figs. 2B and 48). This characteristic 
varied considerably among the subjects, 
being fairly well developed in some subjects 
and not so striking in others. The great 
magnitude of the maximal rates in Dr for 
the subjects with aortic insufficiency seems 
to be attributable primarily to a definite lag 
in rate of outflow (Og) early in the systolic 
phase of the pulse cycle, since rate of inflow 
(Ip) changed little or even decreased. Fur- 
thermore, once Og exceeded Ip during di- 
astole it continued to do so throughout the 
diastolic phase of the pulse cycle for all the 
subjects with aortic insufficiency studied in 
this series (Figs. 2B, 4B, and 6B). In the 
curves for the normal subjects, under similar 
conditions, there was almost invariably a 
moment at the ascending phase of the dicrotic 
notch when Ip again exceeded Or; this time 
Dp assumed a positive value (Fig. 24). 
This is more evident from inspection of the 
curves of Dr. 

The curves of Ig in the subjects with 
aortic insufficiency did not appear to differ 
in general configuration from those in the 
normal subject except that the maximal 
rates of inflow were surprisingly low in a 
number of the subjects with aortic insuffi- 
ciency (compare Figs. 2A and 4B), although 
this was not invariably so (Fig. 2B). Base- 
line rates of inflow and outflow tended to be 
lower in the subjects with aortic insufficiency 
than in the normal subject (Figs. 24, 2B, 
and 48), although in an occasional subject 
the reverse was true. 

B. The Digit Forty-Five 
Above Heart Level—When the finger tip 
basal 


Centimeters 


above heart level, the 
both the normal 
subjects and the subjects with aortic in- 


was elevated 
rate of flow declined in 


sufficiency (compare Figs. 2A and 6A and 
Figs. 2B and 6B). The maximal values of 
tended to decrease in 


the rates of inflow 


most subjects, persisted for only a brief 
moment, and, therefore, resulted in no in- 
crease and, in fact, usually a decrease in 
total digital volume flow per pulse cycle 
when compared with that at heart level. 
The Dr curves tended to show more sudden 
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rise and fall in both groups of subjects. 
This was particularly pronounced in the 
Dp curves of the subjects with aortic in 
sufficiency, in whom the rapid rise and fall 
well within the systolic phase of the pulse 
cycle was highly accentuated. 
Comment.—As would be expected from 
the volume curves, a digital volume pulse 
wave (Dy) of relatively great magnitude 
may occur even when rates of inflow are not 
high, because the rate of outflow lags behind 
the rate of inflow. The apparent “spurting” 
of blood into the finger tip during the systolic 
phase of the pulse cycle is not necessarily 


real and cannot be deduced from a large 


volume pulse wave. 

The relatively rapid digital inflow and 
almost zero outflow early in the systolic 
phase resulted in a relatively large volume 
of blood in the digit at that time. Obviously, 
when the rate of outflow increases, there is 
a rather sudden decline in this residual 
digital volume. These phenomena probably 
cause the capillary pulsations so well known 


in aortic insufficiency; the relatively com- 


plete emptying of the digital vascular bed 
flow 
production of the capillary pulsations. 


contribute to the 
Ele- 


vation of the finger tip 45 cm. above heart 


and the low basal 


level magnified the characteristics of the 
rate curves of digital flow in the subjects 
with aortic insufficiency and emphasized even 
more the differences between the digital 
circulation of the subjects with aortic in- 
sufficiency and the normal subjects. 


ACCELERATION (Ra) Curves oF DIGITAt 


3L00p FLow 
The curves of the time source of accelera- 
tion, I,4, Oa, and D, (Figs. 3A and B, 7A 
and B), reveal variations to be expected 
from the rate curves already discussed and, 
therefore, The 
D, curves tended to attain higher levels in 


will not be described here. 


the subjects with aortic insufficiency than 
in normal subjects (compare Fig. 34 and 
B), especially with the digit 45 cm. above 
heart level (compare Fig. 7A and B), when 
extremely high values occurred early in 
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systole, persisted briefly, and exceeded by 
several times the value for the normal subject 
at the same moment (Fig. 7A and B). 

curves reveal further 


Comment.—T hese 


why the capillary pulsations noted in sub- 
jects with aortic insufficiency are so readily 
detectable, especially with the digit elevated. 
They also show that the capillary pulsations 
must occur early in the systolic phase of 
the 


maximal values of acceleration, especially 


the pulse cycle. The magnitudes of 
for Dy, recorded in the subjects with aortic 
insufficiency were some of the highest en- 
countered to date, even exceeding the rates 
hot 


and humid environment. The Ds, curves early 


noted in normal subjects resting in a 


in the systolic phase of the pulse cycle illus- 
trate especially well the differences in digital 
blood flow for the subject with aortic insuffi- 
ciency and for the normal subject. Again, 
the D, curves, like the Dy and Dr curves, 
reflect the lag in digital outflow early in the 


systolic phase of the pulse cycle. 


GENERAL DISCUSSION 

These studies revealed a definite lag in 
rate of digital outflow early in the systolic 
phase of the pulse cycle in the subjects with 
aortic valvular insufficiency as compared 
with the normal subjects, so that inflow 
greatly exceeded outflow at that time. On 
the other hand, in the subjects with aortic 
insufficiency the rate of outflow definitely 
exceeded inflow during the diastolic phase 
of the pulse cycle and continued to do so 
throughout the diastolic phase. These charac- 
teristics are readily demonstrated by the 
Dy, Dr, and Dy, curves of the rheoplethys- 
mogram but are best seen by inspection also 
of the simultaneously recorded I and O 
curves. 

Differences in maximal magnitudes of the 
Dy, Dr, and Dy, curves among the subjects 
with aortic insufficiency, the normal subjects, 
and those with diastolic arterial hypertension 
are summarized by Figures 8 and 9 and 
are further emphasized by a study of the 
areas of these curves. These differences were 
evident with the finger tip at heart level 
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but were accentuated even more by eleva- 
tion of the part to 45 cm. above heart level 
(Figs. 8 and 9). 

The 


findings are not clear. Since the inflow pat- 


mechanisms responsible for these 
tern in aortic insufficiency, as determined 
by the Iy, Ip, and I, curves, did not differ 
significantly or consistently from that for 
the normal subjects, the differences between 
the rheoplethysmograms of the subjects with 
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Fig. 8—A comparative study of the maximal 
Dy, Dr, and Da values during systole obtained in 
the normal subjects, in those with aortic insuffi- 
ciency, and in those with diastolic arterial hyper- 
tension. 


aortic insufficiency and of the normal sub- 


jects were not produced by variations in 


inflow or important differences in the physi- 
ologic state of the arterial side of the digital 
vascular system. Even though Wiggers found 
the rate of pressure rise in the left ventricle 
and the central arteries to increase rapidly 
and decline rapidly early in the systolic 
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phase of the pulse cycle, the effects of this 
phenomenon upon inflow were not con- 
sistently reflected in the digits of man. 
On the other hand, the outflow pattern, 
as recorded in the Oy, Or, and Ox, curves 
digital flow, indicated a _ consistently 
greater lag early in the systolic phase of the 
pulse cycle in the subjects with aortic in- 
sufficiency than in the normal subjects. This 
difference is not explainable on the basis of 
errors in method and probably represents 
actual occurrence. As earlier in 
this report, this delay in onset of digital 
outflow may be a reflection of Burton’s § 
concepts of critical closing and opening pres- 
sures, for in the subjects studied the diastolic 
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pressures were low, even zero, so that some 
of the vessels located between the arterial 
and venous sides of the digital vascular 
system may have closed during the diastolic 
phase of the pulse cycle and been delayed in 
opening with the onset of the systolic phase 
after the pressure had attained relatively 
high values. For, according to Burton’s con- 
cepts and as shown in the studies of others, || 
a segment of vessels between the arterial 
and venous sides of the circulation could 


have closed near the end of diastole and 
opened slowly and with a delay after onset 
of the systolic interval of the pulse cycle. 


This explanation is a plausible one, although 


§$ References 23-25. 
|| References 24-29. 
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not established. This phenomenon can also 
contribute to the production of the high 
systolic pressure and high pulse pressure 
encountered in aortic insufficiency, the low 
diastolic pressure being due primarily to 
insufficiency of the aortic valve. It also sat- 
isfies the requirements previously established 
by Wiggers{ that, if peripheral vascular 
phenomena are to contribute to the hemo- 
dynamic alterations in aortic insufficiency, 
they must be able to do so within the interval 
of a pulse cycle. 

The pressure in the occluding cuff may 
have contributed to the critical closing phe- 
nomenon in the vessels in the digital seg- 
ment proximal to the plethysmographic cup 


Fig. 9—A comparative 
study of the Iy and Oy 
accumulated volumes dur- 
ing the initial 0.12 second 
of systole. The Dy values 
were those that existed at 
the 0.12-second moment 
after onset of the systolic 
phase of the pulse cycle, 
at which moment the ly 
and Oy values were ob- 
tained. 


HYPERTENSION 


and, thus, may be considered to have assisted 
more in inhibiting digital outflow in these 
subjects than in those with normal diastolic 
pressure.# This is not a valid explanation 
for the difference observed between the two 
groups of subjects, since the use of the oc- 
cluding cuff in the rheoplethysmographic 
method is designed to obstruct venous out- 
flow intentionally in all subjects. Moreover, 
subjects with aortic insufficiency and dias- 
tolic arterial pressure of 35, 58, and 62 mm. 
Hg, respectively, had rheoplethysmographic 
curves similar to those of the other subjects 
studied whose diastolic arterial pressures 
were 0 mm. Hg. The concepts of the critical 

{| References 1 and 13-15. 

# References 30-32 
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closing and opening phenomena of Burton 
deserve further study in this regard. 

Another possible explanation for the lag 
in outflow is related to the evidence of 
manifested high tone in the collecting vessels 
or at least in the vessels distal to the arteri- 
oles, including the digital veins. High tone 
in these vessels would tend to inhibit flow 
into them, especially if they were relatively 
empty when systole began and if they were 
affected by the critical opening phenomenon 
as described by Burton.* Since outflow oc- 
curred through the venous side of the digital 
vascular system and was delayed, the vascu- 
lar channels between the arterioles and the 
large digital veins probably failed to trans- 
mit large quantities of blood early during 
the systolic phases of the pulse cycle, as a 
result of the relatively high tone in these 
vessels associated with, and therefore assist- 
ing in, production of the phenomena de- 
scribed by Burton and others. 


The mechanism for the pattern of the Dy 
curves during the diastolic phase of the 
pulse cycle, throughout which digital outflow 
exceeded inflow, is even more difficult to 
explain. It may be argued that the occluding 
cuff interrupted digital inflow because di- 
astolic arterial pressure declined below the 
pressure in the occluding cuff. It must be 
remembered, however, that when the arterial 
diastolic pressure in aortic insufficiency is 
recorded as 0 mm. by the sphygmomanomet- 
ric method, it does not actually decline to 
zero level.t Furthermore, the pattern of the 
digital rheoplethysmograms, as recorded with 
the digit at heart level and above heart 
level, suggest interference 
digital inflow by the inflated venous occlud- 
ing cuff. 


does not with 


The more rapid rate of digital outflow 
than of inflow throughout the diastolic phase 
of the pulse cycle must await explanation, 
although high tone in the vessels distal to 
the arterioles may have been an important 
factor in propelling blood out of the digit. 
Furthermore, the relatively low inflow may 

* References 23-25. 

+ References 19, 24-29, and 33. 
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have been related to the low diastolic pres- 
sure in these subjects and the impairment 
of function of the aortic valve, with volume 
and regurgitation of pressure during diastole 
of the heart. Absence of, or reduction in, 
the dicrotic notch is probably another ex- 
pression of these phenomena. 


Another influencing factor may be con- 
cerned with the digital A-V shunts, including 
the glomic structures, which, because of 
high tone or low intraluminal and diastolic 
pressure of the previous pulse cycle, or both, 
must have narrowed or closed and thus 
transmitted relatively little blood early in 
systole but have become fairly wide open 


Had 


shunts been open, there could not have been 


during diastole. these many large 
such a prolonged delay in outflow when 
volume of inflow, but not necessarily rate 
or acceleration of inflow, was high. The 
high pulse pressure, coupled with the low 
diastolic pressure, may be responsible for 
this relatively peculiar circulatory state, but 
the rheoplethysmograms of hypertensive 
subjects with high pulse pressure and high 
diastolic arterial pressure tended to resemble 
those for the normal subject. These curves 
tend to rule out the influence of high pulse 
pressure alone but emphasize the possible 
importance of low diastolic arterial pressure 
and further support the concept that the 
arterial tone of the digital vascular system 
of subjects with aortic insufficiency is not 
abnormally high. 

Placing the subjects with aortic insuffi- 
ciency in a cool room atmosphere to produce 
an increase in tone of the entire digital vas- 
cular system reduced the magnitude of the 
rheoplethysmograms, although there was no 
evidence that the central hemodynamic phe- 
nomena, including arterial blood pressure, 


had been altered significantly. In one subject, 


for example, systolic blood pressure exceeded 
300 mm. Hg and diastolic pressure was 0 
mm. Hg (Fig. 10A and B). Even though the 
experiment showed that peripheral vascular 
phenomena can influence the rheoplethys- 
mogram, the pattern of digital flow in the 
RPG in aortic insufficiency was retained. 
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The power output of the left ventricle was 
sufficient to distend the digital arterial ves- 
sels, which possessed high tone as a result 
of cooling of the body, and thus produced 
Dy and Dg curves of relatively great magni- 
tude (Fig. 104 and B). Under similar cir- 
cumstances in normal subjects and in 
subjects with diastolic hypertension, the RPG 
failed to show such relatively large Dy 
curves. These experiments confirm Alex- 
ander’s ** observations that constricted ves- 
sels are distensible when sufficient force is 
applied to their walls and indicate the im- 
portance of the rate with which the force 
(power ) is applied to the vascular wall. 

As this the 
relaxed or normal state of the arterial side 


indicated earlier in paper, 


of the circulation may have been the result 


Aort 
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of little, if any, reduction in tone or tension 
of the smooth muscles in the arterial walls. 
It may also have been due to less end-diastolic 
quantity of blood in the arterial system 
and, thus, less tightness and, in turn, less 
stretch- 


smooth muscle tone because of less 
ing” by blood within. That the vessels con- 
tained less blood at the end of diastole than 
in the presence of normally functioning 
aortic valves was evident from the low basal 
rate of digital inflow and the sharp decline 
in the terminal 
phases of the pulse cycle. Thus, when inflow 


vascular volume during 
began with the next systolic ejection, the 
inrushing blood found the arterial side of 
the digital vascular bed less tightly filled 
(pressure approaching zero) and, therefore, 
the vascular bed readily distensible early in 
systole to accommodate a relatively large 
volume of blood. Like the infiuence of the 
critical closing and opening phenomena of 
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Burton, changes in such a state of “tight- 
ness” on the arterial side of the digital 
vascular bed could take place by such a 
mechanism within the interval of one pulse 
observed to be necessary by 
a peripheral factor were to 


the hemodynamic alterations 


beat, as was 
Wiggers t if 
contribute to 
in aortic insufficiency. 

The apparent increase in venous tone or 
tightness in the subjects with aortic insuffi- 
ciency studied may have been due in part 
to latent congestive heart failure,’’ even 
though the patients had no clinical evidence 
of this condition; thus, this phenomenon 
may not have been a manifestation of un- 
complicated aortic insufficiency. On the other 
hand, the increase in digital venous tone may 
have been concerned with preventing too 
2RF 


¢ Insufficiency 


d Room, 6/°F, RH. 53% 


Fig. 10—A, volume- 
time curves for 2RF of a 
subject with aortic insuffi- 
ciency resting in a cold 
room with the digit at 
heart level. B, time courses 
of rates for the same pulse 
cycle shown in Figure 


10A. 


sudden and too complete venous drainage 
of the digital blood, thus permitting better 
chemical exchanges with the blood and tis- 
sues and also tending to smooth the digital 
circulation in face of a high pulse pressure. 
Finally, it may have been an expression of 
the critical closing phenomenon of Burton. 
Unfortunately, the time course of the closing 
and opening of the vessels in the critical 
closing and opening phenomena has never 
been The relationship of the 
time course of the changes in luminal size to 


described. 


the various components of the rheoplethys- 
mogram, as well as pressure, in the periph- 
eral blood be 
helpful in interpretation of the observations 


vessels would extremely 
and mechanisms discussed in this report. 

Since the curves of volume and rate are 
indices of the time courses of energy and 
a 


t References 1 and 13-15. 
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power, respectively, associated with inflow 
and outflow during a single pulse cycle, they 
provide interesting and important informa- 
tion of the time course of the work output 
of the heart and recoil of vessels, as reflected 
in digital flow. It is evident from the curves 
of rate and of acceleration that high values 
of power output were attained in the sub- 
jects with aortic insufficiency, which, in turn, 
reflected high outputs of mechanical work 
and of power by the heart, at least for a 
brief moment during the cardiac cycle. The 
time courses of work and power output 
of the heart for the subjects with aortic 
insufficiency differed from any observed 
rheoplethysmographically to date in other 
physiologic A-V fistulae 
have not yet been investigated. If it can be 


states, although 


shown that the digital vascular segment of 
the circulation reliably reflects qualitatively 
and quantitatively under known conditions 
the time course of cardiac work, these vol- 
ume and rate curves may prove valuable in 
the study of mechanical cardiac events and 
aspects of the state of the heart as a pump. 
Plethysmograms and _ rheoplethysmograms 
must be analyzed from this point of view, 
especially since rheoplethysmograms are 
relatively simple to record in the intact 
circulation of man at rest, as well as under 
states of stress and other influencing factors. 


The fundamental mechanism of the hemo- 


dynamic alterations in aortic insufficiency 


remains obscure. The rheoplethysmographic 
findings and interpretations presented in this 
report would support a pressure leak in the 
aortic valve with regurgitation of pressure 
into the left ventricle as the primary or 
fundamental alteration in aortic insufficiency. 
Secause the cardiovascular system is not 
rigid, a volume leakage must be associated 
with the pressure leakage; the relative de- 
grees of each must vary under different 
conditions of the circulatory system. A suf- 
ficiently large leak would cause a sudden 
decline in diastolic arterial blood pressure. 
In turn, the critical closing phenomenon 
would manifest itseif in the peripheral blood 
vessels within the interval of a pulse cycle. 
With systolic ejection, the blood leaving the 
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large arteries would meet general obstruc- 
tion to flow through these closed peripheral 
vessels until the critical opening pressure 
level was attained and outflow began. This 
obstruction to flow during systolic ejection 
would cause an elevation in systolic pres- 
sure, the aortic valvular leak would cause 
the low diastolic pressure, and a high pulse 
pressure would result. Obviously, a volume 
leak through the aortic valve and cardiac 
dilatation would also, according to Starling’s 
law of the heart, be expected to increase the 
force of left ventricular contraction, at least 
until advanced degrees of left ventricular 
failure developed. These peripheral and cen- 
trai vascular alterations could develop in the 
interval of one pulse beat, as noted by Wig- 
gers in his experiment on dogs, and could 
explain the presence of hemodynamic phe- 
nomena of aortic insufficiency in the upper 
portions of the body with essentially nor- 
mal hemodynamic state in the lower por- 
tion of the body in a subject with an artificial 
valve inserted in the aorta distal to the left 
subclavian artery.’® 

The number of subjects studied in this 
series was small, and only subjects with 
severe aortic insufficiency were selected. Be- 
cause variations in degree of aortic insuff- 
ciency exist, there must be considerable 
overlapping of the normal RPG and that 
for aortic insufficiency. 


SUMMARY 

Rheoplethysmograms of subjects with se- 
vere aortic insufficiency are described, which 
differed from those of normal subjects, pri- 
marily in the Dy, Dr, and Dg and in the 
Oy, Or, and Ox, curves. The recordings indi- 
cated a lag in onset of digital outflow early 
in the systolic phase of the pulse cycle, with 
outflow exceeding inflow throughout the 
diastolic phase. Digital inflow was not espe- 
cially different from that for the normal 
subject. 

These studies suggested normal, and cer- 
tainly no increased, tone in the arterial side 
of the digital vascular system of the subjects 
with aortic insufficiency as compared to that 
for the normal subjects. The rheoplethys- 
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mographic (RPG) data were compatible 
with high tone in the vessels of the venous 
side of the circulation or influences of the 
critical closing and opening phenomena pre- 
viously described by Burton, or both. 
These experiments show a possible reflec- 
tion of central cardiac hemodynamic phe- 
nomena in the digital RPG, thus suggesting 
its potential usefulness in the study of cardiac 
and other central normal and abnormal 
vascular, as well as peripheral vascular, 


phenomena. 
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Modern nuclear physics has already given 
much to the medical This is 
reflected in the enormous increase in isotope 
use over the past 10 years made possible 
by the Atomic Energy Commission (Fig. 1). 
In the this rate of increase 


has almost that by 


profession. 


last five years, 


doubled each year so 
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the end of 1954 over 50,000 c. (curies) had 
been shipped to users that year, and 70% 
of the dollar value of these shipments repre- 
sented medical use.’ With the development 
of experienced and qualified workers and 
a broad background of medical research, 
techniques and procedures for use of iso- 
topes in diagnosis and therapy are now in 
use in laboratories, in hospitals, and 
in individual physician’s All of 
are familiar with the use of I'*! in the diag- 
and 


wide 
offices. us 
nosis and treatment of Grave's disease 


thyroid cancer; P** and other isotopes in 
the 


treatment of 


measurement of blood volume and the 
chronic 


the 


polycythemia vera, 


leukemia, and allied diseases: Fe®® in 
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Fig. 1—Shipments of radioisotopes (in curies) from Oak Ridge, 


USAEC*ID-BIIA 


Tenn., during the period 


1946 through 1954. (Courtesy Dr. Paul Aebersold.) 
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ISOTOPES AND NUCLEAR RADIATIONS 
study of red cell production, and radiocol- 
loids in the palliation of pleural and peri- 
In connection with 


the control 


toneal carcinomatoses. 
the of 
serous effusions, it is an excellent commen- 


use radiocolloids in of 


tary on the philosophy of the American 


medical profession in regard to the impor- 
tance of relieving suffering that this pro- 
cedure is receiving the wide attention it 
deserves. Although no prolongation of life 
is achieved, there is relief from pain and 
discomfort not available by any other method. 
Finally, the new sources of external radia- 
tion for cancer therapy are well known. 
These include the teletherapeutic units em- 
ploying long-lived isotopes, such as radio- 
cobalt and radiocesium as y-ray sources, and 
the new accelerators, such as the betatron, 
the bevatron, the synchrotron, and the syn- 
chrocyclotron for the deep therapy of cancer. 

In the brief time available to me, I shall 
try to point out in summary fashion a few 
examples of how these tools are being used 
and may be used in study, diagnosis, and 
therapy. 


BLOOD VOLUME 


Knowing the true red cell volume is of 
first importance in the diagnosis of poly- 
cythemia and anemia, but it can also be of 
importance in other acute or chronic disease 
states and as a preliminary to surgery.? The 
hematocrit value and red cell count and 
hemoglobin determination have been shown 
to be unreliable indicators of the total quan- 
tity of red cells. We now have several simple 
and accurate methods for the determination 
of blood volume which can be carried out in 
the laboratory or office.* The methods are 
based on the dilution principle. A sample 
of the patient’s blood is incubated with P* 
or Cr*' and reinjected into the patient. A 
standard is prepared with an aliquot of the 
reinjected blood. After time is allowed for 
mixing, a second sample is withdrawn from 
the patient, and the dilution of the labeled 
cells is compared with the dilution of the 
labeled cells in the standard and the total 


blood volume is calculated. 


* References 3 and 4. 


Table 1 presents the normal values for 
the red 
plasma volume with the P**-labeled red cell 
technique. It shows that with a normal hema- 
tocrit value of about 43%, there are approxi- 
mately 29 cc. of red cells per kilogram of 
body weight and 38 cc. of plasma per kilo- 
gram of body weight. Table 2 
blood volume in patients with pulmonary 
tuberculosis. All of the patients had mild 


blood volume, cell volume, and 


shows the 


but active disease and were in the hospital 
as candidates for various thoracic surgical 
procedures. Their hematocrit values were 
approximately normal—42%—-et the total 
red cell volume and plasma volume were 
Males 


1.—Blood Volume in Normal 


and Females 


TABLE 


Total 
Red Cell 
Volume, 

Ce./Kg. Ce./Kg 


29.9 38.7 


Plasma 
Volume, 


Blood 
Volume, 
Ce./Kg. 

69.0 


64.4 27.0 


Cases, 
No. 
Males.... 71 
Females 16 


37.0 


TABLE 2.—Blood Volume in Pulmonary 
Tuberculosis 


Total 

Red Cell 
Volume, 
Ce./Kg. 


%.2 


Hema- 
tocrit 
Value, 


Plasma 

Volume, 

Ce./Kg. 
34.0 
31.1 


Blood 
Volume, 
Cc./Kg. 
60.6 43.2 
40.9 


Males (10 cases) 


Females (14 cases) 53.5 22.0 
low, the red cell volume averaging 24 cc/kg. 
of body weight and the plasma volume 
33 cc/kg. Since there was a decrease in both 
the red cell volume and plasma volume, 
there was a resultant nearly normal hemato- 
Yet, these 
persons were really anemic. Consequently, 


crit value and red cell count. 
our surgical colleagues have been transfusing 
these patients oftener before and during 
surgery. Figure 2 brings out this point even 
better. Here the total red cell volumes of a 
group of various medical and surgical patients 
are plotted against their hematocrit values. It 
can be seen with a given hematocrit of 40%, 
for example, there may be a red cell volume 
anywhere between 18 cc/kg. and 30 cc/kg., 
and this variability can be observed through- 
out the hematocrit ranges. The discrepancy 
is due to the great variation in plasma 
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Fig. 2.—The total red cell volume plotted against the hematocrit value in various medical 


and surgical conditions, demonstrating the unreliability of the hematocrit value for estimating 


the total number of red cells in the body. 


volume. This again emphasizes the impor- 
tance of determining red cell volume when 
it is necessary to know the oxygen-carrying 
capacity of the blood. This is particularly 
important in candidates for surgery. 
METABOLISM, RED CELL PRODUCTiON, 
AND RED CELL LIFE 


IRON 


The rate and site of red cell production 
and destruction and red cell life are better 
understood now as a result of tracer studies 
with radioisotopes, especially Fe®’ and C**. 
Besides in vitro measurements of labeled iron 
in plasma and red cells following administra- 
tion of radioiron,’ the uptake of radioiron by 
various tissues in the body, such as bone mar- 
row, liver, and spleen, can be measured in 
vivo by the use of scintillation counters placed 
over the respective tissue sites.t In an aplas- 


tic anemia, one observes a slowed rate of 


oxalate 
+ References 6 and 7. 
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disappearance of the labeled iron from the 
plasma and the in vivo studies show an 
abnormal uptake of iron by the liver. In 
cases in which there is splenic production 
of red cells, the time curve representing up- 
take of iron in the spleen will show a primary 
rise, whereas in splenic destruction, there 
is a secondary spleen curve indicating splenic 
destruction. Since the original development 
of the method in this laboratory, Fe*® and 
found wide 


Cr*! used in this have 


usefulness in hospitals and clinics as an aid 


way 


to differential diagnosis.* In the diagnosis 
of problem anemias, valuable supplementary 
information can be obtained by the study 
of the life span of the red cell with the aid 
of radioisotopes, especially C'*, Fe®*’, and 
Cr®*, although the latter is not entirely satis- 
factory. In the normal person the red cell 
will survive about 120 days, but in various 


disease states there may be shortening of 
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Fig. 3.—The distribution of Fe®® in bone marrow (bony pelvis), liver, and spleen at various 
time intervals after injection in normal subjects. (The shaded area indicates the range of the 
normals studied.) Measurements of Fe®® in red cells were made in vitro; measurements of Fe®* 
in bone marrow, liver, and spleen were made in vivo by placing scintillation counters over the 


respective tissue sites. 


red cell life.t Through these studies, any 
shortening of the red cell life span can be 
detected, and one can often determine whether 
the pattern of or 


LN 


t References 8-10 and 22. 


destruction is random 


finite. the most sensitive 


method for the detection of a hemolytic syn- 


This provides 


drome. 


By taking four samples of blood at various 
intervals after the intravenous injection of 
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urements of the uptake of 
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Fe®* by the spleen in the 
normal subject, in a pa- 
tient with anemia and 
hyperplastic bone marrow 
(Case 7), and in a patient 
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row (Case 2). The rapid 
high uptake of iron in the 
spleen of Case 2 is an 
example of a primary 
spleen curve, which is in- 
terpreted as evidence of 
red cell production in the 
spleen. The slow rise of 
the curve in Case 7, fol- 
lowed by a high main- 
tained level of activity, is 
an example of a secondary 
spleen curve, indicating 
destruction of red cells in 
L . the spleen. 
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Fig. 5.—The secondary 
spleen curve observed in 
a case of hemolytic anemia 
compared with the curve 
obtained over the spleen 
site after splenectomy. 


Patient CO 
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radioiron, one can plot curves and estimate 
the rate of red cell production in various clin- 
ical states. The normal person makes about 
30 cc. of red cells per 24-hour period. The 
site of red cell production is demonstrated in 
Figure 3. Counting rates are obtained by 
placing a scintillation counter over the liver, 
the spleen, and the bone marrow (in this in- 
stance over the bony pelvis, which contains 
a large amount of bone marrow) after in- 
jection of Fe*®. Here we see that most of 
the iron leaves the plasma to be taken up by 
the bone marrow during the first day after 
injection. There is relatively little uptake 
in the normal spleen and liver. On the other 
hand, in the patient who is making red cells 
in the spleen (Case 2, Fig. 4) you see a 
very rapid and high uptake in the spleen after 
injection of radioactive iron. This is what we 
call a primary splenic curve, indicating 
splenic production of red cells. The delayed 
uptake of iron by the spleen occurring in the 
anemic patient with hypersplenism gives what 
we call a secondary spleen curve, indicating 
destruction of red cells (Case 7, Fig. 4). 
Finally, Figure 5 shows the high secondary 
spleen curve observed after the injection of 
radioiron in a patient with congenital hemo- 
lytic anemia prior to splenectomy and the 
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normal curve 


splenectomy. This was a case in which there 


over the spleen site after 


was splenic destruction of red cells. In vitro 
iron studies prior to splenectomy had shown 
that the patient was making red cells at a 
rate of six times normal. This gave a dy- 
namic picture of essential mechanisms in the 


Myelogenous 
leukemia, EP 





Normal, FE 


Lymphatic 
leukemia, JR. 


ut 


* 30 60 
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Fig. 6.—Red cell survival studies: F.E., lym- 
phatic leukemia without anemia, showed a normal 
red cell life span of 120 days; J. R., lymphatic 
leukemia with profound anemia, showed a very 
short red cell life of approximately 18 days and 
there was a pattern of random destruction of red 
cells, indicating a hemolytic process; E. P., myelo- 
genous leukemia and anemia, had a shortened red 
cell life span of approximately 90 days, but the 
pattern of destruction was finite, indicating that a 
defective red cell was being produced.® 
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Fig. 7—Red cell life span by the method of labeled aminoacetic acid in a patient with chronic 
lymphatic leukemia and anemia due to a short red cell life (random destruction of red cells) 
(about 40 days) compared with red cell life after splenectomy (about 120 days). The red cell 
life span was returned to normal by splenectomy. 

5.0 T T T development of anemia in this case. After 
° 





splenectomy there was no longer an abnormal 


Potient MB. : . 
© Before ACTH rate of red cell production, and the marrow 


@ After ACTH returned to a normal rate of production of 
red cells. 

Studies of the life span of the red cells are 
often valuable in cases of problem anemias- 
One technique makes use of radioactive 
aminoacetic acid (glycine) (labeled with C™ 
or N**), which, when injected or fed to the 
patient, becomes incorporated into the hemo- 


w 
°o 


globin molecules of the red cell and remains 
there as long as the red cell remains intact. 
3y taking blood samples periodically during 
the ensuing weeks, one can obtain a curve 
of red cell life by this method. Figure 6 


" 
oO 
> 


shows two characteristic patterns of red-cell- 
life shortening occurring in chronic leukemia. 
One is finite shortening (often occurring in 
myelogenous leukemia), and the other is 


SPECIFIC ACTIVITY, DIS./MIN./mg. BaCOs 


random destruction (type of pattern found in 
lymphatic leukemia when shortened cell life 
is present). In the case of the patients who 
have a random destruction, splenic destruc- 
tion of red cells is often found, and a splenec- 
tomy may benefit these patients by bringing 








ec ee 








' about a lengthening of the abnormally short 
60 90 120 red cell life (Fig. 7). Of interest in this 
THE, OMFS connection is a case in which lengthening of 


Fig. 8—The red cell life span before and after the life span of the red cell was observed in 
treatment with corticotropin in a patient with 
Felty’s syndrome. 
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a case of Felty’s syndrome following a course 
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Fig. 9.—Survival in a series of 231 patients with polycythemit vera treated with P%?. 


median survival is 13.2 years. 


of corticotropin (Fig. 8). The finite shorten- 
ing in chronic myeloid leukemia indicates 
that defective red cells are formed in this 
condition. 

p*?> THERAPY IN POLYCYTHEMIA VERA 
AND CHRONIC LEUKEMIA 

P*? was the first artificially radioactive iso- 
tope used in therapy. This was in 1936, when, 
after extensive animal studies, I gave it to a 
patient with chronic leukemia and soon there- 
after to a patient with polycythemia vera. 
Since then, hundreds of patients with these 
conditions have been studied and treated.§ 
With P® therapy, patients with polycythemia 
vera may now look forward to an almost nor- 
mal life span. As can be seen in Figure 9, 
of these patients 91.5% survive 5 years or 
longer, 70% survive more than 10 years, and 
the median survival time is 13.2 years. These 
results simulate those obtained in the treat- 
ment of pernicious anemia with liver and cy- 
anocobalamin (vitamin B,2) and in diabetes 
mellitus treated with insulin (Fig. 10). It 


§ References 11 and 12. 
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The 


is no longer a serious disease, although the 
present treatment does not yet give a com- 
pletely normal life expectancy. The increase 
in survival time in this series of patients 
treated with P** over that observed in groups 
treated by conventional methods can be at- 
tributed chiefly to the decreased incidence of 
thrombosis and hemorrhage through control 
of the red cell volume and platelets. 


Fig. 10.—The survival in polycythemia vera 
treated with P32 compared with the survival in 
pernicious anemia treated with liver and cyanoco- 
balamin and the survival in diabetes mellitus treated 
with insulin. 
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patients treated with P32, The median survival is 5.4 years for lymphatic leukemia and 3.2 years 
tor myelogenous leukemia. The smaller dots represent the survival in a series reported by Osgood 
and Seaman, '% who used titrated regularly spaced P%2 or roentgen irradiation. The latter 
urvival is about the same for myelogenous leukemia and slightly less for lymphatic leukemia. 
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Fig. 12.—Survival in cancer, leukemia, and poly- 
cythemia vera compared with life expectancy in the 
general population (thin line). For polycythemia 
vera the dotted line represents the life expectancy 
after conventional forms of therapy !* and the thick 
black line shows our results after treatment with 
P32,11 For leukemia, the thick black line shows sur- 
vival in our patients with chronic lymphatic leu- 
kemia treated with P82 compared with average 
results in chronic myelogenous and lymphatic leu- 
kemia reported in the literature (dotted line).1° For 
breast cancer, the increased survival achieved with 
radical mastectomy (thick black line) over that 
following nonradical procedures (dotted line) is 
shown.2° The improved survival rate in cancer oi 
prostate following the Huggins method of orchiec- 
tomy and diethylstilbestrol (thick black line) is 
compared with survival prior to Huggins’ work 
(dotted line) .?! 


The end-results in treatment of chronic 
leukemia with P*? are worth while but do not 
demonstrate a completely satisfactory solu- 
tion to the problem (Fig. 11). It should be 
that the 


lymphatic leukemia is 55 and in myelogenous 


noted average age of onset in 
leukemia, 41. Of the lymphatic leukemia pa- 
tients, 80% survive three years and 54% 
survive more than five years, while in myel- 
the 
three years and only 20% survive more than 


ogenous leukemia median survival is 
five years. In the early 1940's I used chromic 
radiophosphate and other radiocolloids in the 
The 


peutic results were not superior to those 


treatment of these conditions. thera- 


following the use of P** as disodium phos- 
phate, however, and I subsequently aban- 
doned the use of radiocolloids because they 
were more difficult to prepare and there was 
always the danger of radiation necrosis from 
extravascular injection of the colloid. 
Finally, Figure 12 compares the end-re- 
sults in polycythemia vera and chronic leu- 
kemia with those obtained in certain other 
neoplastic conditions, such as breast cancer 
treated with radical surgery, where the me- 
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dian survival time is five years, compared 
with 13.2 years for polycythemia vera, and 
prostate cancer treated by orchiectomy and 
diethylstilbestrol,"* where the median sur- 
vival time is something around four years. 
BODY WATER AND BODY FAT 
Total body fat and lean body mass can 
now be determined more accurately than ever 
before by newly developed techniques for 
the measurement of total body water ** and 
body volume.’® For determining the total 
body volume, the patient or subject is placed 
in a chamber which has been filled with a 
standard amount of helium. The displace- 
ment of helium is measured by a thermal con- 
ductivity apparatus, giving the body volume. 
The total body water is determined very sim- 


TABLE 3.—Total Body Water in Cirrhosis 


Total Body Water 

A eT, 

% Body 
Wt. 


—_— 


Liters 
Decompensated (ascites and/or 
edema with jaundice).. 
Average... 
Range..... 
Compensated 
Average. 
Range..... 


35.4 


26.6-50.9 


57.3 
52.6-63.0 
23.2 43.5 
19.4-30.9 37.3-50 


ply by use of tritiated (H*-labeled) water. 
The subject is given 1 cc. of tritiated water 
intravenously, and after one hour is allowed 


for mixing a blood sample is withdrawn and 
the total body water is calculated from the 
dilution of the tritiated water in the sample. 
These studies have many interesting medi- 
cal and physiological applications. They are 
used in studies of physiclogical age to learn 
the changes in body composition with increas- 
ing age. Another example is in the manage- 
ment of patients with edema. Table 3 shows 
the total body water in patients with ascites 
and cirrhosis before and after treatment. 


MEDICAL ASPECTS OF THE 340 MEV 
PROTON BEAM 


The kind of pinpoint work that can be 
done with some of the new forms of external 
radiation is exemplified in some of the recent 
work with use of the synchrocyclotron. Its 


688 


A, 


ARCHIVES OF INTERNAL MEDICINE 
beam of 340 mev protons has unique features 
particularly suited to deep therapy. The beam 
remains well delineated, with very little scat- 
ter, as shown in Figure 13. The film is black- 
ened through a relatively narrow zone, un- 
like the result which would be observed with 
x-rays or y-rays. Another unusual feature 
of this beam is that it has a very high depth- 
dose-to-skin-dose ratio (Fig. 14). The depth 
dose at 14 cm. is approximately four times 
the dose to the skin at the surface, whereas in 
the case of 200 kv. x-rays at 10 cm. the dose 
has fallen off to 20% that of the skin dose. 
This is also true for the 16 mev electron 
beam, where the depth dose falls off rapidly 
beyond 5 cm. The 340 mev proton beam, 
then, has two interesting characteristics. 
First, it can be directed to a small volume of 
tissue and, second, skin effects are relatively 
small compar od with depth effects. 

With this beam my colleague, Dr. C. A. 
Tobias, has been able to achieve complete 
hypophysectomy in experimental animals 
such as rats, dogs, and monkeys and, more 
recently, in a series of dogs with cancer of the 
breast.2® Figure 15, from his works, shows 
two littermates after hypophysectomy, the 
second from the left having had surgical 
hypophysectomy and the third from the left, 
radiation hypophysectomy. The animal on 
the extreme left is an example of hypothala- 
mic obesity produced by irradiation of a 
small area of the hypothalamus, and the ani- 
mal on the right is the control. Complete 
atrophy of the target organs of the pituitary 
gland—the adrenals, the thyroid, and the 
ovaries—was observed in the hypophysec- 
tomized animals. The marked atrophy of 
the pituitary gland following irradiation can 
be seen in the horizontal and sagittal sec- 
tions in the lower part of Figure 16. 

During the past year we have been using 
this beam to irradiate the pituitary glands of 
patients with advanced metastatic cancer of 
the breast, since surgical hypophysectomy is 
now being used therapeutically in these pa- 
tients by several groups in this country and 
abroad.* These patients had previously had 


—_———— 


* References 17 and 23. 
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every form of conventional therapy, includ- 
ing radical mastectomy, postoperative x-ray, 
hormone therapy, oophorectomy, and, usu- 
ally, adrenalectomy, and all had widespread 
metastases which no longer responded to 
therapy. It is too early to evaluate the thera- 
peutic benefits from irradiation hypophysec- 
tomy, but we have been able to produce 
marked depression of pituitary function in 
these patients. 

The patient is fitted with a plastic mask 
and placed in a device which rotates the head 
through an angle of 30 degrees to the right 
and 30 degrees to the left, with the pituitary 
kept always in the center of the beam (Fig. 
17). X-ray photographs are taken from above 


RADIATIONS 


KS 


<- Absorbers 


Fig. 13.— Radioauto- 
graph of end of range of 
190 mev deuterons on 
x-ray film. The beam 
emerged through an aper- 
ture ™% in. in diameter. 
The film was immersed in 
water and rotated slowly 
through an angle of 60 
degrees around axis A—A 
while the picture was 
taken. 
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DEPTH IN CENTIMETERS 
Fig. 14—Comparative doses at surface to 15 cm. 
depth for 200 kv. x-rays, 16 mev electrons, and 190 
mev deuterons, which are similar to 340 mev pro- 
tons in depth dose characteristics. 
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Fig. 15.—Four littermates: (left to right) hypothalamic irradiation, producing obesity ; 
surgical hypophysectomy; radiation hypophysectomy; control. (Reproduced from Tobias, 


The American Journal of Roentgenology, Springfield, I11., Charles C Thomas, Publisher. ) 


Fig. 16—Horizontal and sagittal sections of pituitaries of (1) normal 53-day-old rat 


25 days after irradiation with 18,900 rep (anterior lobe tissue is stretched 
a normal 259-day-old rat; (4) experimental rat 256 days of age, 
(the parenchyma has been replaced by scar tissue 


(2) experimental rat 
over distended cleft); (3) 
227 days after irradiation with 18,900 rey 
very dense on the surface). (Reproduced from 
ology, Springfield, Ill., Charles C Thomas, Publisher. ) 


Tobias,'' he American Journal of Roentgen- 





Fig. 17.—Patient in position for treatment with proton beam. 


Fig. 18.—Diagnostic x-ray of a patient’s head in 
position for treatment. The cross hairs mark the 
center of the beam. The outlines of the sella turcica 
are clearly shown. The black spot on the lower 
picture shows the shape of the beam, which can 
be adjusted to fit each individual patient. The auto- 
graph is made by briefly turning on the proton 
beam prior to developing the film. 


and from the side so that the pituitary can be 
exactly aligned with the beam of protons. 
The precision of this alignment can be seen 
in Figure 18, which is an x-ray picture of 
the skull with the beam of protons passing 
through it. A very nice delineation of the 
beam within the sella turcica can be seen. 

Typical results achieved in the patients 
with advanced cancer are illustrated by those 
obtained in the first patient irradiated (Fig. 
19). Irradiation of the pituitary with 14,000 
rad || during a period of 60 days caused a 
disappearance of the pituitary gonadotropins 
in the urine and a marked decrease in the 
iodine uptake by the thyroid gland, both in- 
dicating suppression of follicle-stimulating 
and thyroid-stimulating hormones. Similar 


effects have been observed in the other 32 


\ rad is a unit of absorbed dose of an ionizing 


radiation, namely, 100 ergs per gram. 
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Fig. 19—Changes in pituitary gonadotropins, I1%1 uptake and protein-bound iodine during 
and after treatment with 13,850 rad of irradiation from the proton beam. 


patients studied so far. This appears to be the 
that 
effects can be brought about by pituitary 


first clear-cut evidence target organ 
irradiation. 

Whether or not there will be a practical ap- 
plication in the therapy of cancer or other 
conditions, such as malignant exophthalmos, 
malignant diabetes, essential hypertension, 
and so forth, by this form of selective irradia- 
tion cannot be estimated until we have had 
an opportunity to observe these and other 
patients for another two or three years. 
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Sensitivity of PD esibeies Clhnically Important 
ora fo Le Antibiotics 


LOWELL A. RANTZ, M.D. 
and 
HELEN H. RANTZ, San Francisco 


For several years a screening procedure 
for estimating the sensitivity of bacteria to 
antibiotics has been in use in this laboratory. 
()rganisms have been exposed to a single 
arbitrarily selected concentration of the anti- 
microbial agent contained in a blood agar 


plate. Those inhibited have been regarded 


as sensitive, and those exhibiting growth, as 
resistant. The clinical correlations have been 
good. 

The results obtained from the study of 
720 strains isolated during the two-and-one- 
half-year period from October, 1950, to 
March, 1953, have been previously reported.’ 
Penicillin, streptomycin, oxytetracycline, and 
chloramphenicol were included in the routine 
testing. In May, 1954, erythromycin, neo- 
mycin, and polymyxin were added to this 
list and tetracycline was substituted for 
oxytetracycline. Penicillin and erythromycin 
were usually omitted in the study of Gram- 
negative bacilli, as was polymyxin with 
Gram-positive organisms. 

It is the purpose of this report to describe 
the antibiotic sensitivity of 1698 strains of 
bacteria, all of 
significant clinical sources during the period 
from May, 1954, through August, 1955, and 
to compare the results, where possible, with 


which were isolated from 


the data obtained during 1950-1953. It should 
i 
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be emphasized that the methods used and 
antibiotic concentrations employed for test 
ing have been constant over the five-year 
period for the four antibiotics employed 
throughout. 

Finland has recently reviewed the exten 
sive literature pertaining to this subject. 
and this will not be undertaken again at 
this time.* 


MATERIALS AND METHODS 


Organisms.—All of the bacteria were freshly is: 
lated from clinical materials and were identified by 
the usual methods. In this laboratory, Gram-nega 
tive bacilli are regarded as Proteus if urea is split 
rapidly. The Pseudomonas group consists of thos« 
bacilli that form definite brownish or greenish pig 
ments. The paracolon group contains anacrogenic 
lactose fermenters and aerogenic late lactose fer 
menters, as well as Gram-negative bacilli of the 
enteric group not readily classifiable elsewhere. Dit 
ferences exist between these several paracolon cate 
gories in relation to antibiotic sensitivity, but the 
number of strains did not permit precise definition 
of these groups. 

Materials.—-Sterile solutions of antibiotics in suit 
able concentrations were incorporated into flasks of 
a solid medium containing 2% tryptose (Difco) and 
1.5% (Difco), fortified 0.1% of 
and beef extracts (Difco), which had been cooled 
with 10% 


with yeast 


agar 


to about 50 C and enriched horse or 
blood. Suitable 


were poured into Petri dishes. 


human amounts of this mixtur¢ 
After cooling, the 
plates were stored in the refrigerator at about 2 (¢ 

They were freshly prepared twice weekly. The final 


concentrations of antibiotics were the following 


Concentration/ml 
0.4 unit 
2.07 


Penicillin 

Erythromycin 
Streptomycin 107 
Tetracycline 107 
Chloramphenicol 107 
Neomycin 104 


Polymyxin SY 
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Wethod—Clinical materials believed to contain 
large numbers of organisms were inoculated directly 
to a control and to the antibiotic-containing blood 
agar plates at the time of initial examination and 
incubated for 24 or 48 hours at 35 to 37 C, depend- 
ing on the rate of growth of the organism. Careful 
streaking was done to ensure an even distribution 
At the end of either 


of these intervals the plates were examined with 


of organisms over the plates. 


a hand lens and the presence or absence of visible 
An organism was regarded 
if 


colonies was recorded. 
to 
growth had occurred. 


agent demonstrable 
If the 


was initially believed or subsequently proved to be 


as “resistant” an 


any 
number oi bacteria 
small, the above procedure was performed with 
pure cultures grown in broth or comparably heavy 
suspensions in saline. 

rhis procedure proved to be of great value, as it 
very frequently permitted an estimate of the sensi- 
tivity of the bacterium to these antibiotics within 
24 hours of the receipt of the material. 


RESULTS 

Table 1 presents the sensitivity of the 

various organisms to the several antibiotics. 

Additional data are presented in other Tables 
and Charts. 


ANTIBIOTICS 


GrAM-Positive Cocct! 
Micrococcus Pyogenes var. Aureus (Staph- 


ylococcus Aureus) —Two hundred forty- 


two strains of coagulase-positive M. pyogenes 


var. aureus were studied. Slightly more than 


80% were penicillin- and about 50% 


were 
streptomycin- and tetracycline-resistant. Sub- 
stantially more than 90% were erythromycin- 
and chloramphenicol-sensitive. Neomycin re- 
sistance was exceedingly uncommon, occur- 


4 


ring in only 1.2% of the strains. 

The antibiotic sensitivity of M. pyogenes 
var. aureus is compared with the site of the 
infectious process in Table 2. Strains isolated 
from the blood and skin were comparable to 
the whole group, but those recovered from 
hospital wound infections and the urine were 
distinctly more resistant to penicillin, strepto- 
mycin, and tetracycline. Organisms recov- 
of which 
veloped in patients remote from the hospital, 
tetracycline- 


ered from abscesses, many de- 


exhibited streptomycin- and 
sensitivity much more frequently than did 


the whole group of M. pyogenes var. aureus. 


TABLE 1--Resistance of 1698 Strains of Various Clinically important Organisms to Seven 
Antibiotics Studied During 1954-1955 


Erythro- 

Penicillin mycin 
Strains, a his “ 
No. No. N 


81.8 


Organism 

M 198 

M. 125 

Hemolytic Streptococcus — 55 5 
Nonhemolytie Strepto 

coceus vee 


pyogenes var. aureus 
albus 60.6 


9.1 


pyogenes var. 


11 
158 95.8 


22.0 


E. coli davantrds 
Paracolon bacillus . 
Aerobacter 

Proteus 
Pseudomonas 


Strepto 
mycin 
No 

125 


* This organism invariably resistant to this antibiotic at 


Resistant to 


Chlor- 
amphenicol Polymyxin 


Tetra 
eycline Neomycin 

7 ‘ = ™ = —— 
No. No. % % No 
127 


118 


42.0 4 
110 
192 
124 
32 
128 


153 


97.0 
10.8 
74.5 


85.4 


166 

119 

78. 23 
73 
155 


34.1 
72.1 
56.1 
54.9 


100.0 


128 
Fs) 


128 


77.5 
36.6 
96.4 


48.8 96.4 


98.7 


34 
140 


99.5 29 18.7 


the screening concentration when tested. 


TasLe 2.—Antibiotic-Resistance of M. Pyogenes var. Aureus Compared with the Site of Infection 


Strepto- 
mycin 


Penicillin 

Strains, 
No. No. %e 

9 90.0 

65.6 

100.0 

94.8 

84.4 


Source 
10 
32 


Blood 


Abscesses 


Hospital wound infections 


Resistant to 


A ———— 
Erythro- 
mycin 


Chloram- 
Tetracycline phenicol Neomycin 
No. % No. % 
60.0 ) 

21.8 


No. % 


0 


0.0 
3.1 
66.6 16.7 
81.3 12.5 


47.4 5.3 


0.0 
0 0.0 
0 0.0 
0 0.0 


0 0.0 
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f M. Pyogenes var. 


TABLE 3.—Antibiotic Sensitivity o 





Number of Strains Inhibited by 


Penicillin, Units/M1. 


Tetra- 
. eycline,*t 


Bacitracin, Units/ Ml. 


Erythro- Chloram- Strepto- 


Period of Isolation 


SR7 GR CTO Cita ccc vcsacccocccedeceves 


Gee ET Wns oo cb honees cedanedse ceed 


* Lower concentrations not tested. 


t Resistant strains grew in presence of 100 y/ml 
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This reflects the lesser antibiotic resistance 
of these organisms in nonhospital environ- 
ments. 


The results of a detailed study of 126 
strains of M. pyogenes var. aureus isolated 
from excised tonsils are described in Table 3. 
The method used for testing was similar to 
that employed throughout this study except 
that serial dilutions of antibiotics in the 
blood agar plates were employed. Collections 
were made from November, 1951, through 
August, 1952, and again from February, 
1953, through June, 1954. It was believed 
that the reaction of these organisms to 
antibiotics might reflect the pattern to be 
expected of M. pyogenes var. aureus if in- 
fection were acquired in situations remote 
from hospitals. 

[t will be observed that all strains in both 
periods were inhibited by low concentrations 
of erythromycin and chloramphenicol and 


4 
0 


that less than 5% were tetracycline- and 
streptomycin-resistant. All but four were 
inhibited by 2.5 units per milliliter of 
bacitracin. An apparent increase in resistance 
to this drug during the second period may 
well be related to imperfections in stand- 
ardization of the commercial product used 
for testing. Approximately 60% of the or- 
ganisms in each period were highly penicillin- 
sensitive. All of the remainder required at 
least 2.5 units per milliliter of this agent, 
and many required much higher concentra- 
tions, for inhibition. The over-all pattern of 
antibiotic resistance did not change in this 
group of staphylococci over a three-year 
period and is very different from that de- 
scribed above when organisms isolated from 
infections were studied. 

Certain interrelationships between resist- 
ance to the several antibiotics were discov- 
ered, but the data are not presented in 
tabular form. All penicillin-sensitive strains 
were also chloramphenicol-sensitive, and only 
11.4% were streptomycin- and 18.2% were 
tetracycline-resistant. The pattern was dif- 
ferent when penicillin-resistant strains were 
considered. Only 31.4% were streptomycin- 
sensitive, but, of these, 85.5% were tetra- 
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cycline- and 94.1% were chloramphenicol- 
Slightly than 80% of 


penicillin- and streptomycin-resistant strains 


sensitive. more 
were also tetracycline-resistant, but only 
8.1% were chloramphenicol-resistant. 

Fifteen of sixteen erythromycin-resistant 
strains were penicillin-resistant, and thirteen 
were also resistant to both streptomycin and 
tetracycline. No correlation was discovered 
between chloramphenicol- and erythromycin- 
resistance. 

The resistance of strains of staphylococci 
collected during 1950-1953, 1954, and 1955 


Staphylococcus aure«s 


ANTIBIOTICS 


Twenty-five strains were resistant to 
chloramphenicol, penicillin, streptomycin, 
and tetracycline. The other 10 chloram- 
phenicol-resistant organisms were also in- 
sensitive to one or more of these agents. 
There was no correlation between chloram- 
phenicol- and erythromycin-resistance, only 
8 of this group of 35 strains being insensitive 
to the latter drug. 

Other relationships of M. pyogenes var. 


M. 


pyogenes var. aureus and will not be de- 


albus resembled those presented by 


scribed in detail. 


No of Straws 


/950-55 - 120 


Penicillin 


w~ 
x 
9 
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Cy 
3 
x 
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So. SY 5S - 
to the several antibiotics is portrayed in 
Chart 1. Small but progressive increments 
in the frequency of resistance to penicillin, 
streptomycin, tetracycline, and erythromycin 
were demonstrated. The number of chlo- 
ramphenicol-sensitive organisms increased 
slightly during the last year. 

Micrococcus Pyogenes var. Albus (Staph- 
ylococcus Albus ).—The pattern of antibiotic 
resistance exhibited by coagulase-negative 
M. pyogenes var. albus was similar to that 
demonstrated for M. pyogenes var. aureus. 
Fewer were penicillin- and _ substantially 
more were chloramphenicol-resistant. Four- 
teen of sixteen erythromycin-resistant strains 
were also penicillin-resistant, and twelve of 
these were also insensitive to the action of 
streptomycin and tetracycline. 


PPSH - 107 
1965 - 435 


Chlor- 
amphenice/ 


Chart 1.—Resistance of 
M. pyogenes var. aureus 
to five antibiotics over a 
five-year period. 


Se- S¢¥ SS S54 SS 
s3 


Streptococci.—Fifty-five strains of hemo- 
lytic Streptococcus were studied. Serological 
grouping was accomplished in only a few 
instances. Most were doubtless members of 
Group A. A very high percentage were 
neomycin- and streptomycin-resistant but 
resistance to penicillin, tetracycline, chloram- 
phenicol, or erythromycin was rare. 

The results obtained with 50 strains of 
nonhemolytic streptococci were similar, but 
these organisms were somewhat more peni- 
cillin-resistant. 

Eighty-four other strains of proved Group 
A hemolytic streptococci isolated from the 
human respiratory tract during 1951-1954 
and studied in greater detail were all in- 
hibited by 0.02 unit per milliliter of peni- 
cillin, 0.05 unit per milliliter of bacitracin, 
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O0.05y per milliliter of erythromycin, and 
5.0y per milliliter of tetracycline and chloram- 
phenicol. 

Enterococci were uniformly penicillin- and 
streptomycin-resistant. More than two-thirds 
were also not inhibited by the screening 
concentrations of tetracycline and neomycin. 
Less than 10% 
of erythromycin and chloramphenicol. 


were resistant to the action 


None of these three categories of strepto- 
cocci had become appreciabiy more anti- 
the earlier study in 


biotic-resistant since 


1950-1953. 


GRAM-NEGATIVE BACILLI 


Coli. Coliform 


were frequently resistant to streptomycin, 


Escherichia organisms 
tetracycline, chloramphenicol, and polymyxin 
but only rarely to neomycin. Many of these 
bacteria were isolated from urine obtained 
from persons witlf infection complicated by 
serious anatomical deformity of the urinary 
passages who had received antibiotic therapy 
occasions. Table 4 


on many presents an 


TABLE 4.—Antibiotic Resistance of E. Coli C 


Streptomycin 


Strains, 
Source of Urine No. No 
Females attending pediatric and medical out- 
patient clinics 
23 
1955 A 1 20 
Total patieaans , 43 
Hospitalized females 
42 
1955 eT Perr 32 
Total pkeekas 
All E. coli bs 486 


TABLE 5.—/nterrelationships of Sensitivity and Resistance to Streptomycin, 
Chloramphenicol, and Polymyxin Among 486 


Strains, 


Streptomycin-Sensitive 
oR8 

Tetracycline-Sensitive Tetracycline-Resistant 
240 48 


Y C-R 1-§ C-R 
208 32 2 24 


P-S P-R 


169 
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analysis of the results obtained from study 
of female patients seen in the medical and 
pediatric outpatient clinics in whom urinary 
obstruction was not likely to be present. 
These are compared with organisms recov- 
ered from a group of hospitalized women 
with urinary tract infection and with the 
whole collection of coliform bacilli. In 1954 
and 1955, the bacilli isolated from ambulatory 
patients and, in 1954, those obtained from 
urine of hospital patients were distinctly less 
resistant to streptomycin, tetracycline, and 
chloramphenicol than those in the other cate- 
gories. Most sensitive were the organisms 
isolated from outpatients in 1954, although 
the number of strains in any of the first 
four groups is not sufficiently great to define 
significant differences with assurance. 

The interrelationships between sensitivity 
and resistance to streptomycin, tetracycline, 
chloramphenicol, and polymyxin among 486 
Table 5. 


In general, resistance to one antibiotic en- 


strains of E. coli are defined in 


hanced the possibility of resistance to the 


ompared with the Type of Patient Infected 


Number and per Cent of Strains Resistant to 


Chloram 


Tetracycline phenicol Neomycin 


- 7, . —— 


X No 0 


Tctracycline, 
Strains of E. Coli* 


No 


Streptomycin-Resistant 
Tetracycline-Sensitive Tetracycline-Resistant 
CS C-R 
46 95 
s aa maa, 
P-S P-R 
59 36 


* C-S, chloramphenicol-sensitive; C-R, chloramphenicol-resistant; P-S, polymyxin-sensitive; P-R, polymyxin resistant. 
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others. Thus, 72.8% of streptomycin-resist- 
ant organisms were tetracycline-resistant, as 
contrasted with only 16.7% among strepto- 
mycin-sensitive strains. Similarly, tetra- 
cycline sensitivity was associated with chlo- 
16.0% 


of tetracycline- 


ramphenicol-resistance in only of 
but 59.9% 


coli organisms were chloram- 


these strains, 
resistant FE. 
phenicol-resistant. This relationship was 
evident whether the strain was streptomycin- 
sensitive or streptomycin-resistant, but the 
trend was more marked in the latter instance. 

The relationships were not so. striking 


when polymyxin was considered, but re- 


7 Col « 


Ey 


Chart 2.—Resistance of 


E. coli to five antibiotics 


~ 
iS) 


over a five-year period. 
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sistance to streptomycin, tetracycline, or 
chloramphenicol substantially increased the 
chances that resistance to this agent would 
be present. Strains sensitive to all three of 
the first group of drugs were resistant to 
polymyxin one-half as frequently (18.7% ) 
as_ those to all of 
(37.9%). Other correlations may be ob- 


resistant these agents 
tained from examination of the data in the 
table but will not be described in detail. 
The changing pattern of resistance to anti- 
biotics of E. coli over a five-year period is 
defined in Chart 2. A progressive decline 
in the number of strains sensitive to strepto- 
mycin, tetracycline, and chloramphenicol 
was observed. The most striking change was 


noted with the latter two agents, since more 
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than half of all coliform organisms were 
streptomycin-resistant when the study began, 
1950. Neither the 


polymyxin- nor the small decrease in neo- 


in slight increase in 
mycin-resistance is significant. 

Paracolon Bacilli—Paracolon bacilli were 
late or anaerogenic lactose-fermenting or- 
ganisms. Several quite different species of 
Gram-negative bacilli with varying patterns 
of antibiotic resistance are certainly included 
in this category. Detailed analysis of the 
data, as summarized in Table 1, will not be 
attempted for this reason. Approximately 
75% 


of these organisms were resistant to 


of Strains 
4950-53 —~/97 
(9SY - 2bES 
19SS -22/ 


Ne 


Neo- 
we tink 


Chlor- 


Poly 
amphenico/ 


myrin 


3 S¥ SS S¥ SS S4¢ SS 


S50- S¥ S§ 
53 


streptomycin, tetracycline, chloramphenicol, 
(46.6% ) 


were resistant to all four of these agents 


and polymyxin. Seventy-seven 
but were neomycin-sensitive. 

\ progressive decrease in sensitivity otf 
this group of bacilli to streptomycin and 
to tetracycline was observed between 1950- 
1953 and 1955. Similar changes of lesser 
magnitude also occurred with polymyxin 
and neomycin. These variations probably 
reflect an increase in the frequency of the 
highly antibiotic-resistant anaerogenic para- 
colon bacilli during 1954 and 1955, but the 
detailed data in regard to this possibility 
were not analyzed. 

Aervbacter.—Organisms of the Aerobacter 
group were isolated infrequently. They were 
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more frequently resistant to the antibacterial 
action of streptomycin, tetracycline, chloram- 
phenicol, and polymyxin than was E. coli. 
Ninety-five per cent were neomycin-sensitive. 

Proteus—Organisms of the Proteus group 
are an important cause of infection of the 
traumatized urinary tract. 


obstructed or 


These bacteria almost always were tetra- 
cycline- and polymyxin-resistant, and about 


half were also insensitive to streptomycin 
and chloramphenicol. Seventy-five per cent 
were neomycin-sensitive. 

Little change in sensitivity was noted for 
the four antibiotics studied over a five-year 
period. Streptomycin-resistance increased 
from 38.0% to 59.0%. 

Chloramphenicol-resistant streptomycin - 
were usually (83.8%) 
neomycin-sensitive, as were all that were 
chloramphenicol-sensitive. When 
mycin- and chloramphenicol-resistance were 
both present, 50.0% of strains were also 


sensitive strains 


strepto- 


neomycin-resistant. 


Pseudomonas.—Pseudomonas is a com- 
mon cause of urinary tract infection, espe- 
cially in antibiotic-treated patients. Nearly 
all of these organisms were highly resistant 
to all of the antibiotics except polymyxin. 
Twenty-nine strains (18.7%) were not in- 
hibited by the screening level of 5y per 
milliliter of this drug. Many of these or- 
ganisms were studied in some detail and 
were demonstrated to fulfill the criteria for 
admission to this group and to be in pure 
culture. 

During 1950-1953, a few strains of 
Pseudomonas were encountered that were 
streptomycin-, tetracycline-, and chloram- 
phenicol-sensitive. These had virtually dis- 


appeared during 1954 and 1955. 


COMMENT 


A plate screening method has been used 
for five years to determine the sensitivity of 
various clinically important micro-organisms 
to several antibiotics. Only bacteriostatic 
effects were demonstrated. During 1950- 
1953, penicillin, streptomycin, oxytetracy- 
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cline, and chloramphenicol were routinely 
studied. In 1954 tetracycline was substituted 
for oxytetracycline, and erythromycin, poly- 
myxin, and neomycin were added. The con- 
centrations of antibiotics employed were 
selected to be representative of the usual 
amounts present in the blood and tissues of 
sick persons during treatment. The clinical 
correlations obtained with this technique 
have been good. 


More complex serial dilution procedures 
may seem more precise, but this is not 
always the case.’ Difficult problems often 
necessitate their use, but, in these instances, 
bactericidal well as bacteriostatic end- 
points should be determined. The relatively 


simple procedure utilized during the present 


as 


investigation is more reliable and the results 
‘disc”’ 


‘ 


are more easily interpreted than the 
screening methods used in most laboratories. 

An earlier paper’ described the results 
obtained with 720 strains of bacteria and four 
antibiotics, This is a report of an additional 
1698 organisms with use of seven anti- 
microbial agents. 


Hemolytic and nonhemolytic streptococci 
have remained highly sensitive to the action 
of penicillin, tetracycline, chloramphenicol, 
and erythromycin. Not one of the former, 
proved serologically to be a member of Group 
A, has exhibited resistance to any of these 
drugs. Enterococci are uniformly chloram- 
phenicol- and erythromycin-sensitive and 
often, or regularly, resistant to the other 
antibiotics. 

The increasing resistance of staphylococci 
to penicillin, streptomycin, and tetracycline 
has been demonstrated again and remains 
an extremely important clinical problem, 
particularly when infection is acquired in 
hospitals.* Evidence of increasing resistance 
to erythromycin was obtained during 1955 
and will probably continue. The “wild” 
staphylococci isolated from the respiratory 
tracts of patients undergoing tonsillectomy 
are often penicillin-resistant but are usually 
inhibited by the other agents. Somewhat 


am 


* References 4 and 5. 
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similar were obtained when the 


organisms was recovered from a source which 
suggested that the 
acquired outside of a medical environment. 


patterns 


infection had _ been 

Interesting interrelationships between re- 
sistances to antibiotics were noted with M. 
Penicillin-sensitive 
strains were uniformly the 
other agents as well. Most penicillin-resistant 
and 


pyogenes var. aureus. 


sensitive to 
organisms were also streptomycin- 
tetracycline-resistant, but when they were 
streptomycin-sensitive they were usually 
tetracycline-sensitive. These relationships are 
presumably related to the specific strain 
of Staphylococcus causing disease. Similar 
results have been obtained by others using 
phage typing of the organism as means of 
strain identification. Only a few erythromy- 
cin-resistant staphylococci have been studied, 
but nearly all were also penicillin-, strepto- 
mycin-, and tetracycline-resistant. 

Pigment-forming Gram-negative bacilli of 
the Pseudomonas group remain the most 
highly antibiotic-resistant of the organisms 
commonly causing disease in man, Only 
polymyxin inhibits these bacteria in low 
concentrations, but the clinical results ob- 
tained following its use are often poor. New 
tools for the treatment of infection by these 
bacilli are urgently needed. 

Proteus and members of the paracolon 
group are often highly resistant to many 
antibiotics, including polymyxin. Neomycin 
frequently is the only agent of potential 
value on the basis of in vitro tests, and 
clinical results following its use in low dosage 
for short periods of time have been most 
gratifying.’ 

An increase in the frequency of resistance 
of E. coli to streptomycin, tetracycline, and 
chloramphenicol during the past two years 
has been most discouraging. Many of the 
organisms studied were isolated from persons 
with complicated structural disease of the 
urinary tract who had received treatment 
with many antibiotics. The problem of ther- 
apy was a persistent one, especially when 
acute pyelonephritis supervened in the pa- 
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tient with chronic cystitis. Resistance to 
many agents was not uncommon, even in 
patients of the most favorable sort, without 
obstruction to the urinary flow. 

These observations emphasize the impor- 
tance of some method of in vitro testing of 
isolated bacteria in planning the manage- 
ment of patients with infection of the urinary 
tract. It might be thought that the screening 
levels used are too low in the light of the 
enormous concentrations of most antibiotics 
which appear in the urine. Experience has 
demonstrated that therapeutic failure regu- 
larly occurs when treatment is undertaken 
with a drug which the method has indi- 
cated to be unsuitable. One reason for this 
observation is the fact that organisms able 
to multiply in the presence of the screening 
concentration of antibiotic frequently are not 
inhibited by amounts many times greater. 
This fact is clearly demonstrated for M. 
pyogenes var. aureus in Table 3. Further- 
more, serious infection of the urinary pas- 


sages involves organisms present in the 
tissues of the kidney and associated struc- 
tures. These can be attacked only by the 
antibiotic brought by the blood. The high 
levels attained in the urine are of no value. 
On the other hand, local suppression of 
the with relief of 


organisms in bladder 


symptoms of cystitis can occasionally be 
accomplished with a drug which the test 
has indicated to be unsuitable. 


Very definite interrelationships between 
antibiotic-resistances of E. coli were demon- 
strated, which resemble those observed with 
M. pyogenes var. aureus. These may be 
summarized by noting that resistance to any 
of the potentially effective antibiotics was 
likely to be associated with resistance to 
any of the others except neomycin. Addi- 
tional details can be obtained from the text 


and Table. 

The results of this study demonstrate that 
many clinically important organisms are 
more frequently resistant to various anti- 
biotics than they were five years ago. This 
is particularly true if the infection has been 
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acquired in a hospital or if previous anti- 
biotic therapy has been employed. In vitro 
determination of the ability of antibiotics 
to inhibit microbial growth is essential to 
the adequate treatment of these patients. 


SUMMARY 


A plate screening method has been used 
to determine the sensitivity of a large num- 
ber of organisms to seven antibiotics in vitro. 

Over a five-year period, micrococcus pyo- 
genes var. aureus, Escherichia coli, paracolon 
bacilli, and Proteus have become more fre- 
quently resistant to one or more antibiotics. 

Enterococcus and Pseudomonas were re- 
sistant to many antibiotics at the initiation 
of the study and have remained so. 

Hemolytic and nonhemolytic streptococci 
have continued to be sensitive to many anti- 
biotics. 

Resistant organisms are most likely to be 


encountered in infections acquired in the 
hospital or following diagnostic or thera- 
peutic instrumentation and operation on the 


urinary passages and in persons who have 
received previous antibiotic therapy. 
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In vitro testing as a guide to therapy is 
essential in the management of patients in 


these categories. 
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[It has been clearly established that methyl- 
bis (8 -chloroethyl) 
(nitrogen mustard) is an excellent supple- 


amine hydrochloride 


ment to radiotherapy in the treatment of 
Hodgkin’s disease * and is also of some value 
in other related lymphomas and leukemias.7 
However, it has the disadvantages that it 
must be administered intravenously, that it 
produces marked bone marrow depression, 
and that it causes such side-effects as nausea, 
vomiting, and malaise. 

\ chemical derivative of nitrogen mus- 
tard without such disadvantages would be 
extremely useful. Triethylenemelamine 
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tion of Methyl-Bis (8-Chlorethyl) Amine Hydro- 
chloride and Tris (8-Chlorethy!) Amine Hydro- 
chloride (Nitrogen Mustards) in the Treatment of 
Allied 


Craver 


Lymphoma, Leukemia, and Diseases, in 


Reference 2, p. 319. 

7 Reference 4 and Goodman, L. S.; Wintrobe, 
M. M.; McLennan, M. T.; Dameshek, W.; Good- 
Use of Methyl-Bis 
(“Nitrogen 


man, M. J., and Gilman, A.: 
(8-Chlorethy]) Hydrochloride 
Mustards”) in the Therapy of Hodgkin’s Disease, 
Lymphosarcoma, Leukemia and Certain Allied and 
Miscellaneous Disorders, in Reference 2, p. 338 


Amine 


(TEM), which may be administered by 
mouth, is very toxic, and its effect is often 
incalculable. 

\nother nitrogen mustard derivative, B- 
naphthyl-bis (2-chloroethyl) amine (R 48: 
CB 1048), has proved of some value in 
Hodgkin’s disease, polycythemia rubra vera 
and some leukemias.§ 

Russian investigators have synthesized a 
nitrogen mustard derivative, p-bis (2-chloro- 
(sarcolysine), 


ethyl )aminophenylalanine 
which when tested against a variety of ani- 
mal tumors has exhibited antitumor activ 


ity.” 

For the past eight years a large series of 
derivatives of nitrogen mustard have been 
synthesized at the Chester Beatty Research 
Institute, in England.'* The most promising 
of these compounds was p-bis(2-chloroethy] ) 
aminophenylbutyric acid (CB 1348) (Fig. 
1). This compound is capable of producing, 
when administered shortly after implantation, 
complete inhibition of the growth of the 
Walker rat tumor.'* It has also been found 
to inhibit particularly the lymphocytes of the 
peripheral blood of rats.™ 

For the past year, CB 1348 has been pro 
vided to us through the courtesy of Prof. 
Alexander Haddow, of the Chester Beatty 
Research Institute of the Royal Cancer Hos- 
pital, in England. 

This report concerns our clinical experi- 
ences with CB 1348 in the treatment of 42 
patients, among which 24 were patients with 
Hodgkin’s disease. 


CLINICAL TRIALS 


A total of 42 patients were treated: there were 
24 patients with Hodgkin’s disease, 10 with mono- 
cytic leukemia, 3 with chronic lymphatic leukemia, 
1 with lymphosarcoma, 1 with reticulum-cell sar- 
ee a ee 

t References 5-8. 

§ References 9-11. 
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Fig. 1—Chemical structures of methyl-bis( 
chloroethyl) aminophenylbutyric acid (CB 1348). 


coma, 1 with mycosis fungoides, 1 with acute lym- 
leukemia, and 1 multiple myeloma. 
Their ages ranged between 2% and 77 years. There 


phatic with 
were 27 males and 15 females (Table 1). Clinical 
trials were initiated in December, 1954, and this 
report includes the results on patients to December, 
1955. 

ADMINISTRATION AND DOSAGE 


The compound was administered by mouth, as 
2 mg. tablets, given preferably before meals, two 


or three times daily. 


Tas_E 1.—Diagnoses and Number of Patients 
Treated with CB 1348 


Patients, 

Diagnoses No. 
Hodgkin's disease ........ : eure 24 
Lymphosarcoma ..... ‘ " 1 
Reticulum-cell sarcoma ‘ z 1 
Mycosis fungoides nas l 
Monocytie leukemia ae ‘ 10 
Chronic lymphatic leukemia 3 
Acute lymphatic leukemia 
Multiple myeloma 


Total 


The initial dose of CB 1348 in most patients was 
0.3 mg/kg/day for a total period of 21 days. A few 
patients received as initial dosage 0.2 mg/kg/day 
for 21 to 28 days, or 0.4 mg/kg/day for 21 to 30 
days. In most patients, treatment was then stopped 
A second course of therapy was administered when 
symptoms of activity recurred. The dosage was 
either the same as the initial dosage or, most 
frequently, only 0.2 mg/kg/day for 21 days. All 
patients after the second course, and most patients 
after the initial course, were kept on a maintenance 
dosage of CB 1348 of 0.05 mg/kg/day. Nine patients 
had more than one course of treatment; seven were 
given two courses, and two had three courses. 
Twenty patients received more than 0.5 gm. of 
CB 1348, the largest total dosage being in Case 1 
(Table 2), who was given 2.17 gm. in a period oi 
i2 months. 


Toxic Errect 
A few patients complained of nausea and 
anorexia during the course of therapy. How- 
ever, only in Case 2 (Table 2) did these com- 
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amine (nitrogen mustard) and 


plaints necessitate discontinuation of the 
treatment. Several patients complained of 
nervousness during therapy. This symptom 
disappeared when CB 1348 was discontinued 
or when the patients were changed to a 
maintenance dose. 

Most patients developed slight to moderate 
leucopenia, anemia, and thrombocytopenia. 
The maximum depression was obtained six 
weeks after treatment was initiated. How- 
ever, at therapeutic doses the depressant 
effect on the bone marrow was only moderate 
and was rapidly reversible, even in patients 
who already had a hypoplastic marrow as a 
result of previous treatments. 

If excessive doses were used or if treat- 
ment was given shortly after a course of 
treatment with x-ray or cytotoxic drugs, in- 
cluding CB 1348, the depressant effect on the 
bone marrow was marked ( Fig. 2) ; however, 
in all our cases it was rapidly reversible 
(Fig. 3). 

RESULTS 
Hopckin’s Diseast 

A survey of the duration of illness, treat- 
ment, side-effects and results obtained in pa- 
tients with Hodgkin’s disease is presented in 
Table 2. 

Twenty-four patients (17 males and 7 
females, age range from 12 to 64 years) with 
Hodgkin’s disease were treated with CB 1348. 
The diagnosis in all cases was confirmed by 
lymph node biopsy. The duration of illness 
before CB 1348 was initiated was from 3 
months to 14 years. With the exception of 
one patient (Case 8, Table 2) all had been 
previously treated: 22 had received deep 
x-ray therapy, from one to seven courses, in 
the evolution of their disease; 11 patients 
had had from one to seven courses of nitrogen 
mustard, and 6 had been given TEM. Three 





HODGKIN’S DISEASE TREATED WITH 


had undergone surgery for complications re- 

Hodgkin’s disease: two of them 

Table 2) had a sple- 
T 


lated to 
(Case 4+ and Case 6, 
nectomy, and one (Case 20, Table 2) hada 
laminectomy with removal of an epidural 
Hodgkin’s mass. 

\ll 24 patients manifested symptoms of 
generalized disease. With the exception of 
four, all were in the advanced stages of the 
disease. Most of the patients had previously 
failed to respond to x-ray, nitrogen mustard, 
or TEM therapy or were not suitable for 


Fig. 3 (Case 1). — 
Marked bone marrow re- 
generation, shortly after 
depression produced by 
CB 1348 therapy. Observe 
normoblastic regeneration 
and a myelocyte in mito- 
tic division. Phase con- 
trast; dark M. (American 
Optical Company); 
x 1250. 


CB 1348 


Fig. 2 (Case 1). — 
Marked bone marrow de- 
pression observed after 
two immediately consecu- 
tive courses of treatment 
with CB 1348 and x-ray 
therapy. Observe a pre- 
dominance of amorphous 
debris, a few plasma cells, 
lymphocytes, 


some small 


and a tissue basophile. 
Phase contrast: dark M. 
(American Optical Com- 


pany) ; 1250. 


nitrogen mustard or TEM therapy because 
of marked depression of the hemopoietic 
system. 

The results of the 
marized in Table 3. One patient is listed as 
having drug intolerance. Administration of 


treatment are sum- 


the drug was discontinued because of marked 
nausea. One other patient in the group com- 
plained of this symptom but only to a mild 
degree. 

Five patients failed to respond to the first 
course of CB 1348 therapy. Two of these 
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TABLE 2.—Survey 


Cervical Inguinal 
Previous and and 
Axillary Femoral 


X-ray +4 


Splenecto 
my, HNe 


X-ray, 
HNe 


Splenecto 
my, X-ray, 
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of the Duration of Illness, Treatment, Side-Effects, and 


Status Before CB 1348 


Lymph Nodes 


Medias- 
tinal Abdominal 


+444 


infil 


tration 


Pleural 
effusion 


Lung in- 
filtration 


Bilateral 
pleural 
effusion 


Temper- 
ature, 
Liver F Pruritus 


Enlarged, 
jaundice, 
abnormal 
liver-fune 
tion tests 


Enlarged, 
jaundice, 
abnormal 
liver-func 
tion tests 


Enlarged 


Enlarged 


Enlarged 
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Results in Twenty-Four Cases of Hodgkin's Disease Given CB 


Dose of CB 1348 
mages —~ - . Results 
Meg. /Ke. Days on Simultaneous Toxic _— —_————— 
Daily Therapy Total Mg. Treatment Effects First Remission Second Remission 


0.38=24 : 1,008 X-ray therapy Temporary Complete remission Complete remission 5 
0.2=16 33 660 at terminal pancytopenia, 5 mo mo.; no subsequent 
0.1=6 2 224 stage nervousness response to CB 1348 
0.0569 276 or x-ray therapy 
? 168 
600 None Temporary Complete remission Complete remission 
126 pancytopenia 5 mo. in progress 7 mo 


742 


HNe, X-ray Nausea, Complete remission Treated subsequently 
between two nervousness 3mo with x-ray, HNe, and 
courses of surgical decompres- 
CB 1348 sure laminectomy; 
receiving second course 
of CB 1348 
None Nervousness Complete remission No subsequent re 
2 mo sponse to CB 1345 
therapy 


Temporary Improved general con- No subsequent re 
pancytopenia dition, size of nodes, sponse to CB 1348 or 
fever, spleen, and x-ray therapy 
pruritus for 2 mo.; 
no improvement of 
pulmonary symptoms 
None Temporary Complete remission Complete remission ¢ 
pancytopenia imo no.: third complete 
remission in progress 
2 mo. 


None Temporary Complete remission No subsequent re 
pancytopenia 3 mo sponse to CB 1348 
therapy 


None Nervousness Complete remission Complete remission 
2 mo.; pruritus mo.; pruritus sub- 
subsided sided; receiving third 

course of CB 1348 

None None Complete remission No subsequent re 
2 mo sponse to CB 1348 

therapy 


None Complete remission Subsequently treated 
3 with HNe with no 
response 
Patient could 
not tolerate 
treatment be- 
cause of marked 
nausea 
None Failure; neurologic 
envolvement by 
Hodgkin’s progressed 
in spite of therapy 
None Failure; parenchymal 
infiltration of lungs 
extended in spite of 
therapy 
None Complete remission 
in progress 6 mo. 


None None Failure; died 8 days 
after CB 1348 therapy 
was started 


None Some improvement No subsequent re- 
for 1 mo. sponse to x-ray 
therapy; splenecto- 
my performed 
None None Complete remission 
in progress 5 mo 


None None Complete remission 
in progress 4 mo. 














* HNe, 


M 


TaBLeE 2—Survey of the Duration of Iliness, Treatment, Side-Eff ects, and 


—— 


Dura- 
tion of 
Illness, 

Yr. 
M 8 mo. 


Inguinal 
and 
Femoral 


Cervical 
and 
Axillary 
X-ray, ote +++ 
HNa, 
TEM 


Previous 


Sex Treatment* 


X-ray, 
laminec 
tomy with 
removal 
of epidural 
mass 
X-ray, 
HNe 


X-ray, 
TEM 


X-ray 


nitrogen mustard; TEM, triethylenemelamine 


patients were “terminal” cases who received 
only eight days of therapy. One had paren- 
chymal infiltration of the lungs which pro- 
gressed during therapy, and the other two 
showed progression of neurologic signs and 
symptoms in spite of CB 1348 therapy. 
Three patients showed “some effect’ due 
to medication in the sense that their general 
the 
proved, but this improvement lasted for less 


condition and some of symptoms im- 
than two months. 

Nine patients are listed as “improved.” By 
this is meant the drug induced a remission of 
their symptoms of real value, but of short 
duration, lasting from two to four months. 
Five of these patients received a second 
course of CB 1348; one had a second com- 
plete remission which lasted seven months 
and is at present receiving the third course of 
this medication ; one had a second remission 
which has been in progress for one month. 
The other three failed to respond to the sec- 
ond course of therapy. 

Six patients with Hodgkin’s disease are 
listed as having a “good” remission. By this 
is meant the drug induced an improvement 


of real value to the patient so that as a result 


708 


{RCHIVES OF INTERNAL MEDICINE 


Status Before CB 1348 


Lymph Nodes 


Temper 
ature, 
F 


Spleen 
Enlarge 
ment 


Medias- 
tinal Abdominal 


tone tee 


Lung in- 


filtration, 


massive 
pleural 
effusion 


1d em Enlarged 


of therapy something approaching a return 
to normal life was achieved for a period of 
four months or longer. Three of these patients 
are still in their first remission for from four 
to seven months. The other three patients 
obtained a remission after a second course of 
CB 1348. One of them is in a second remis- 
sion of seven months’ duration at present. 
The second patient received a third course 
and is in a third remission at present for two 
months. The other patient did not respond 
any longer to CB 1348 or to x-ray therapy 
and died on Dec. 30, 1955. 

effects on patients who re- 
1348 were the following: 


The favorable 
sponded to CB 
There was a rapid return of temperature to 
normal, usually during the 3rd to 12th day of 
therapy; lymphadenopathy, splenomegaly, 
and hepatomegaly improved during therapy, 
but the organs achieved their normal size 
approximately six weeks after the therapy 
was initiated; a progressive gain in weight 
was observed in all patients who responded 
to therapy ; jaundice, hepatomegaly, and liver 
function were improved in two patients who 
presented such symptoms before therapy was 


initiated. 





Pruritus 


HODGKIN’S DISEASE TREATED WITH CB 1348 


Results in Twenty-Four Cases of Hodgkin’s Disease Given CB 1348—Continued 


Dose of CB 1348 


a ——— 


— —_—, Results 
Mg./Kg Days on Simultaneous Toxie 


Daily Therapy Total Mg. Treatment Effects 


————— 
First Remission Second Remission 
0.3=1 5 128 X-ray None Failure; died 8 days 

cortisone after CB 1348 therapy 
was started 


Nervousness Complete remission Second complete re- 
2% mo. mission in progress 
1 mo 


None None Failure; neurologic 
involvement by Hodg 
kin’s developed in 
spite of therapy; some 
relief of pruritus 

None None Some improvement 
for 1% mo.; patient 
died suddenly from 
a hemorrhagic necrosis 
of myocardium 

None None Complete remission 
in progress 2 mo 


None Remission in progress 
2 mo. 


TABLE 3.—Results of Treatment with CB 1348 in Forty-Twe Patients 


Results 


siecle esa 
Third Remission 


Remission Second Remission 


bs 
v7 


— 


. 
+ 


Improvedt 
Failure 
Drug Intol. 
Improved 
Failure 
Improved 


Diagnosis 


Hodgkin's disease 


Monocytie leukemia ... : 
Chronie lymphatie leukemia 
Acute lymphatic leukemia... 


Reticulum-cell sarcoma . 
Lymphosareoma 
Mycosis fungoides . 
Multiple myeloma 


Total 


Good, remission of real value more than four months. 
Improved, remission of symptoms from two to four months 
t Some effect, improved general condition and some of the symptoms for less than two months 


The following is a summary of the case _ three courses of deep x-ray therapy over abdominal, 
i i i , : ¢ right cervical, g ‘ aclavicular lymph nodes and 
histories and a graphic representation of the right cervical, and supraclavict ym s 


¢ : : . spleen; cortisone and phenylbutazone (Butazolidin). 
course of the illness in three selected patients, *! Shin 
who had a “good” remission from CB 1348 


treatment. 


The patient became refractory to the above therapy. 
In January, 1954, she had fever, anorexia, marked 
generalized lymphadenopathy, and marked spleno- 

Case 2—A 43-year-old white woman. A diag- megaly. Her weight was 119 Ib. (55.4 kg.). Her 
nosis of Hodgkin’s disease was made by biopsy of | peripheral blood cell count showed red blood cells, 
a cervical lymph node in 1953. She was treated 1,590,000 per cu. mm.; white blood cells, 3800 per 
with nitrogen mustard; three courses of TEM; cu. mm.; platelets, 78,660 per cu. mm., and hemo- 
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Fig. 4 (Case 2).—Hodgkin’s disease of three years’ duration, refractory to conventional 
therapy; the disease was in an advanced stage. There have been two “good” remissions during 
CB 1348 therapy. The second remission has been in progress seven months. 


globin, 6.3 gm. per 100 cc. The patient was trans- 
fused before therapy was started. She was given 
CB 1348, 20 mg. daily (0.4 mg/kg.) for 30 days. 
Her fever abated after three days on therapy. The 
enlarged lymph nodes and spleen regressed. She 
gained 41 Ib. (18.5 kg.). The red blood cell level 
rose and remained about 3,500,000 per cu. mm.; 
hemoglobin rose to 11.8 gm. per 100 cc. The remis- 
sion lasted for five months. At this time she had 
100 F temperature, slight lymphadenopathy, and 
splenomegaly. She was then given 6 mg. of CB 
1348 daily for 21 days, followed by a daily main- 
tenance dosage of 3 to 4 mg. Her second complete 
been in seven 


remission has now 


months (Fig. 4). 


progress for 


Case 6.—A 32-year-old white man. A diagnosis 
of Hodgkin’s disease was made by a lymph node 
biopsy in July, 1954. He was treated with two 
courses of nitrogen mustard and three courses of 
x-ray therapy to the mediastinum, epigastrium, left 
axilla, and right and left inguinal regions. A splen- 
ectomy was performed in October, 1955, because 
of secondary hypersplenism. In April, 1954, the 
patient became refractory to therapy and progressed 
to a presumed terminal acute stage of his disease. 
He _ had lymphadenopathy, marked 
hepatomegaly, a fever of 104 F, and jaundice. 
Laboratory results included total bilirubin (Van 
den Bergh) of 4.9 mg., with 3.8 mg. of direct- 
reacting bilirubin; alkaline phosphatase, 34.1 units ; 
cephalin, trace; total cholestrol, 205 mg., with 18% 
esters ; red blood cells, 2,030,000 per cu. mm. ; white 
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blood cells, 9500 per cu. mm.; platelets, 40,000 per 
cu. mm.; hemoglobin, 6.3 gm. per 100 cc.; 
110 Ib. (49.5 kg.). Transfusions were given befor: 
therapy was started with CB 1348, in a dosage of 
16 mg. daily (0.3 mg/kg.) for 19 days. Fever abated 
after seven days on therapy; the enlarged lymph 


weight 


nodes and liver regressed. He gained 26 Ib. (11.7 
kg.) in the course of therapy. Within the first 15 
days of drug treatment the jaundice subsided and 
to 72%. The 
this time the 
slight 


weight. He 


the esters of cholesterol increased 
remission lasted four months. At 
patient had 100 F temperature 
phadenopathy and 
received a second course of CB 1348, in a dosage 
of 12 mg. daily for 21 days, and then was given a 


and lym 


again lost some 


maintenance dosage of 3 to 6 mg. daily. A second 
was lasted for three 
months. At the end of this had fever 
(temperature of 104 F) and slight lymphadenopathy. 
He was then given a third course, of 16 mg. dail) 
of CB 1348 for 21 days. His third remission has 
now been in progress for two months (Fig. 5) 


remission obtained, which 


time he 


Case 8.—A 3l-year-old white man. A diagnosis 


of Hodgkin’s disease was made by biopsy of a 
cervical lymph node in November, 1954. In March, 
1955, he had fever, anorexia, marked generalized 
lymphadenopathy, splenomegaly, and marked pru 
ritus. Laboratory results included red blood cells, 
4,390,000 per cu. mm.; white blood cells, 12,100 
per cu. mm.; platelets, 1,097,500 per cu. mm. ; hemo 
globin, 12.7 gm. per 100 cc.; weight, 130 Ib. (58.5 
kg.). He was given CB 1348, in a dosage of 20 
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one year’s duration, with marked jaundice and 


impairment of liver function. The condition was refractory to conventional therapy, and the 
disease was in the “terminal” acute stage. There have been three remissions with CB 1348 therapy. 


The third remission has been in progress two months. 


mg. daily (0.3 mg/kg.) for 21 days. Within the 
first 14 days of receiving the drug, fever and sweat 
ing abated and the pruritus was relieved. Rapid 
regression of enlarged cervical, axillary, and in- 
guinal nodes and spleen followed. The peripheral 
blood remained essentially unchanged. After two 
months of remission the patient gained 7 Ib. (3 kg.) 
\t this time he had a recurrence of 101 F tempera- 
ture, moderate lymphadenopathy, splenomegaly, and 
marked pruritus. The patient was given then a 
second course of CB 1348, in a dosage of 20 mg. 
daily for 21 days, followed by 3 to 4 mg. daily as 
a maintenance dosage. A second complete remission, 
which lasted seven months, was obtained. He re- 
lapsed again and is at present receiving a third 
course of CB 1348 (Fig. 6). 

LEUKEMIA 


AcuTE Monocytic¢ 


Ten patients (four men and six women, 
age range from 25 to 77 years) with acute 
monocytic leukemia were treated with CB 
1348. All had anemia and thrombocytopenia. 
In all cases the bone marrow showed marked 
replacement (60% to 90%) of normal ele- 
ments by monoblasts. Two patients had been 


previously treated unsuccessfully with TEM. 
The other eight patients had received no 
therapy before CB 1348 was started. 

Seven patients failed to respond to CB 
1348 medication. Five patients of this group 
subsequently received a course of nitrogen 
mustard, without improvement. Two patients 
listed as ‘“‘some effect” (Table 3) exhibited 
a temporary decrease of white blood cells but 
without improvement in red blood cells, plate- 
lets, or percentage of monoblasts in the bone 
marrow. After a course of CB 1348, in a 
dosage of 22 mg. daily (0.3 mg/kg.) for 14 
days, a complete remission, in progress for 
eight months, was obtained in one patient. 
This patient was a 45-year-old white woman 
who had complained of weakness for five 
months. Laboratory findings included red 
blood cells, 2.510,000 per cu. mm.; white 
blood cells, 1250 per cu. mm.; hemoglobin, 
9.1 gm. per 100 cc.; platelets, 90,400 per cu. 
mm. ; reticulocytes, 5.2%. The bone marrow 
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Fig. 6 (Case 8).—Hodgkin’s disease of one year’s duration, with generalized symptoms and 
marked pruritis. There have been two remissions with CB 1348 therapy. The patient is receiving 


a third course at present. 


showed almost complete replacement of nor- 
mal elements by monoblasts. After therapy 
she did not require transfusions. The periph- 
eral blood contained red blood cells, 4,170,000 
per'cu. mm.; white blood cells, 5950 per cu. 
mm., with a normal differential count ; hemo- 
globin, 14.4 gm. per 100 cc.; platelets, 800,- 
640 per cu. mm.; reticulocytes, 3.4%. The 
bone marrow was essentially normal. 


Curonic Lympuatic LEUKEMIA 

Three patients with chronic lymphatic 
leukemia were treated with CB 1348. All 
were in an advanced stage of the disease, 
characterized by practically complete replace- 
ment of the normal elements of the marrow 
by lymphocytes, marked anemia, and throm- 
bocytopenia. They had been treated previ- 
ously with radioactive phosphorus, and two 
of them, with x-ray therapy over the flat 
bones. 

No clinical or hematologic improvement 
was observed. 
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ReETICULUM-CELL SARCOMA 
A 64-year-old white man with reticulum- 
cell sarcoma, diagnosed by a lymph node 
biopsy, was treated with CB 1348. He 
weighed 159 lb. (73 kg.) and had a progres- 
sive disseminated disease. At physical exami- 
nation several palpable abdominal masses 
were present and large retroperitoneal and 
retrogastric tumors were demonstrated by 
x-ray. He received a course of CB 1348, in 
a dosage of 16 mg. (0.3 mg/kg.) daily for 21 
days, followed by a maintenance dosage of 
from 4 to 8 mg. daily. The patient gained 
27 |b. (12 kg.) and is now back at his nor- 
mal activities. Marked regression of abdomi- 
nal masses was obtained. His remission has 

been in progress for seven months. 


LyMPHOSARCOMA 
A 56-year-old white woman with ad- 
vanced, terminal lymphosarcoma, refractory 
to x-ray therapy, was treated with CB 1348. 
No improvement was observed. 








HODGKIN'S DISEASE TREATED WITH 


Acute LymMpHatic LEUKEMIA 

A 4-year-old white boy with acute lym- 
phatic leukemia was treated unsuccessfully 
with CB 1348. His total white blood cells 
decreased from 85,000 to 1800 per cu. mm. 
However, no improvement in the red blood 
cells, platelets, or percentage of lympho- 
sarcoma cells in the bone marrow was ob- 
served. The patient died with a cerebral 
hemorrhage. 


Mycosts FUNGOIDES 

A 54-year-old white woman with general- 
ized skin manifestations of mycosis fungoides 
was treated unsuccessfully with CB 1348. 


MULTIPLE MYELOMA 
A 71-year-old white woman with multiple 
myeloma was treated with CB 1348. No im- 
provement in the hematologic picture, no de- 
crease of total plasma proteins, and no 
changes in the abnormal electrophoretic pat- 
tern were obtained after therapy. 


COMMENT 

The therapeutic limitations in patients with 
Hodgkin’s disease, other lymphomas, and 
allied disorders are well known. The value 
of nitrogen mustard in the treatment of these 
disorders has been very well established. The 
possibility of obtaining a nitrogen mustard 
derivative without the side-effects, without 
cytotoxic action on normal blood elements, 
and capable of oral administration is of great 
importance. 

From the limited experiences with CB 
1348 described above, it is believed that this 
drug is a valuable adjunct in the treatment 
of Hodgkin’s disease. 


Striking remissions in 6 and marked im- 


provement in 9 of 24 patients with Hodgkin’s 


disease were obtained. Some of these pa- 
tients were in an acute “terminal” stage of 
their disease and had not responded to con- 
ventional therapy. Though remissions have 
been rather short in duration, from two to 
nine months, a second remission was ob- 
tained on most patients and a third remission 
in one of two patients treated. 


CB 1348 


CB 1348 has been safer than TEM, be- 
cause it does not have the erratic and some- 
times unpredictable effect that characterizes 
TEM. CB 1348 is preferred to nitrogen mus- 
tard in some cases, since it can be given 
orally; it is usually free of side-effects, and 
it does not depress the peripheral blood and 
bone marrow as much as nitrogen mustard. 

It is difficult to compare CB 1348 with 
x-ray therapy, since neither patients with 
localized disease nor patients in the initial 
stages of the disease have been treated with 
this medication. However, it is felt that local 
x-radiation should first be instituted in the 
presence of localized disease. This treatment 
may be supplemented or replaced by CB 
1348 in the presence of manifestations of 
generalized spread of the disease, such as 
fever, itching, sweating, and generalized 
lymph node involvement; in cases of poor 
general condition indicative of no demon- 
strable, active lesions, and in cases of obvious 
resistance to x-ray therapy. 

A striking remission was obtained in 1 pa- 
tient with monocytic leukemia, among 10 
such patients treated with CB 1348 to date. 

In the one patient with reticulum-cell sar- 
coma who was treated with CB 1348, a strik- 
ing remission was obtained which is still 
continuing after seven months. 

The results reported above on the patients 
with chronic: lymphatic leukemia have not 
been as successful as those reported by Gal- 
ton and co-workers.'®> However, the three 
patients with chronic lymphatic leukemia who 
were treated were advanced cases previously 
treated with radioactive phosphorus and flat 
bone x-irradiation and who exhibited a hypo- 
plastic bone marrow before CB 1348 treat- 
ment. 


SUMMARY 


Forty-two patients have been treated with 
p-bis (2-chloroethyl) aminophenylbutyric 
acid (CB 1348). These include 24 patients 
with Hodgkin’s disease, 10 patients with 
monocytic leukemia, 3 patients with chronic 
lymphatic leukemia, 1 patient with lympho- 
sarcoma, 1 patient with acute lymphatic 
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leukemia, 1 patient with mycosis fungoides, 
and 1 patient with multiple myeloma. 

Excellent remissions were obtained in six 
patients with Hodgkin’s disease, one patient 
with reticulum-cell sarcoma, and one patient 
with monocytic leukemia. Marked improve- 
ment was obtained in nine patients with 
Hodgkin’s disease. 

It is concluded from the above observa- 
tions that CB 1348 is of value in the treat- 
ment of selected patients with Hodgkin’s dis- 
ease as a supplement to x-ray therapy. 

It has been a safer drug in our hands than 
triethylenemelamine (TEM). It is preferred 
over nitrogen mustard in some cases, because 
it has practically no side-effects and it has 


proved to be less damaging to the hemo- 


poietic system. 
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Hereditary Hemorrhagic Diathesis Characterized by Prolonged Bleeding Time 


and Decrease in Antihemophilic Factor 
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Recently, we observed a 13-year-old girl, 


the offspring of consanguinous parents, who 
exhibited a severe hemorrhagic diathesis. 
Laboratory studies revealed a_ prolonged 
bleeding time, normal platelet count, and 
poor prothrombin consumption, The throm- 
boplastin-generation test and other assay 
procedures demonstrated a marked decrease 
in antihemophilic factor (AHF). A search 
of the literature suggested that this syndrome 
has been encountered by several investigators 
during the last two years.* So far we have 
been able to find 19 similar cases (14 fe- 
males) in the literature, although most of 
the reports are rather fragmentary or of a 
preliminary nature. 

This communication attempts to describe 
the clinical, hematologic, and genetic aspects 
of this disorder, which in our opinion repre- 
sents a definite disease entity. 


REPORT OF A CASE 


A 13-year-old white Jewish girl was transferred 
to our department from another hospital for diag- 
nosis and treatment of her severe hemorrhagic di- 
athesis. She had had severe uterine bleeding of sev- 
Her hemoglobin level had 


eral weeks’ duration. 
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decreased to 6 gm. per 100 cc., and she had received 
6 units of aged blood without any effect on the 
hemorrhage. When one unit of fresh blood had been 
given, the bleeding seemed to diminish but did not 
stop entirely. 

Family History—The child is the offspring of a 
consanguinous marriage. The parents, who are first 
cousins, are healthy and have never experienced any 
abnormal bleeding tendency. None of their rela- 
tives is known to be a “bleeder.”” However, the 
patient’s older brother had exhibited since birth a 
severe hemorrhagic tendency, particularly epistaxis, 
extensive blood loss after tooth extractions, and 
spontaneous bleeding into the skin and muscles. It 
was known to the parents that he had suffered from 
“pseudohemophilia,” the sole abnormality demon- 
strable being a markedly prolonged bleeding time. 
He had died from “pneumonia” during one of his 
bleeding episodes. 

Past History.—Severe hemorrhage from a tongue 
bite necessitated blood transfusions at the age of 
2% years. At the age of 6 years, bleeding from the 
upper respiratory tract also necessitated transfu- 
The patient frequently had nosebleeds and 
At the age of 10 years, she had a 
large hematoma dorsal 
aspect of one foot. At that time she was examined 
by a hematologist, who found a markedly prolonged 
bleeding time without any decrease in her platelet 


sions. 
bruised easily. 


“spontaneous” over the 


count. 

Physical Examination.—The findings were en- 
tirely normal except for uterine bleeding. A specu- 
lum examination showed the vagina to be normal. 

Laboratory Findings——Urine: negative. Blood: 
Hb., 7.9 gm. per 100 cc.; RBC, 2,700,000/cu.mm. ; 
WBC, 12,100/cu.mm., with a normal differential 
count. The reticulocyte count was 8.2% (221,400/ 
cu.mm.). The hematologic indices were within nor- 
mal ranges. Marrow aspiration revealed only a 
definite erythrocytic hyperplasia. There were no 
remarkable alterations in the morphology of the 
megakaryocytes. Platelet count (Dameshek’s meth- 
od ®) was 175,000/cu.mm., with some giant platelets 
in the film. However, after a few days the platelet 
count was 430,000, and it has since remained within 
normal limits. The bleeding time (Duke) was 
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more than 30 minutes and did not change during 
the whole period of observation (over 3 months). 
Clotting time (Lee-White three-tube technique, 
normal value up to 20 minutes) varied from 7 to 
16 minutes. Plasma prothrombin time (Quick 1°) 
was 11.5 seconds. Serum prothrombin time (one- 
stage technique 11) ranged from 11 to 15 seconds 
on different occasions. Clot retraction was normal. 
Tourniquet test was negative. 

Treatment.—The patient was treated with 2 units 
of fresh blood, and the uterine bleeding ceased. 
The patient was then followed in our clinic, receiv- 
ing iron therapy. She had two normal menstrua- 
tions, lasting for a few days. Her hemoglobin and 
RBC count have returned to normal levels. During 
the last few months no abnormal hemorrhage has 
appeared, although the prolonged bleeding time has 
remained unchanged. 


Comment.—Since this patient apparently 
exhibited a familial hemorrhagic disorder 
characterized by a prolonged bleeding time, 
normal platelet level, and poor prothrombin 
consumption, the tentative diagnosis of a 
hereditary thrombopathy (von Willebrand’s 
disease **) was first made, but this was 
proved to be wrong by further studies. 


SPECIAL INVESTIGATIONS 


1. Results of the thromboplastin generation 
test.’* The patient’s platelets, BaSO, plasma, 
and serum were used for the generation and 
tested against a normal substrate. The Figure 
demonstrates that the thromboplastin genera- 
tion was markedly decreased, but the abnor- 
mality was located in the BaSO, plasma re- 
agent and not in the platelets. In hereditary 
thrombopathy (von Willebrand’s disease) a 
platelet abnormality is demonstrable by this 
test.7 


+ References 14 and 15. 
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Thromboplastin Generation Test 
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90+ 
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Ze thromboplastin activit 
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T =: 
5 6 
minutes 
Legend: The various mixtures used are represented as follows: 


patient's platelets + patients BaS0, plasma + patient’s serum 
normal platelets + patient's BaSO, plasma + palient*s serum 
patient’s platelets+ patient’s BaSO, plasma * normal serum 
patient’s platelets+ normal BaS0, plasma+ patients serum 


Of the factors known to participate in the 
formation of blood thromboplastin, only anti- 
hemophilic factor (AHF) and labile factor 
are exclusively present in the supernatant of 
plasma adsorbed with BaSQO,."* Since the 
plasma prothrombin time was normal, a de- 
ficiency of labile factor (Factor V, proac- 
could be ruled out. The results, 
therefore, indicate a deficiency of AHF, an 


celerin ) 


unexpected finding. 

2. Effect of addition of patient’s plasma on 
the clotting and serum prothrombin times of 
known “hemophiliacs” (sex-linked heredi- 
tary AHF deficiency). These experiments 
are summarized in Table 1. As can be seen, 


TaBLe 1.—Effect of Addition of Patient’s Plasma on the Clotting and Serum 


Prothrombin Times of Known Hemophiliacs * 


Hemophilia 
Patient 1 


Addition of 
Saline 
Sn hd MOMINE. ., sss sebuaedbeccdsseece 
Patient’s BaSO« plasma............ccccesccccce 
* All addition experiments were performed by 
+ Serum obtained one hour after coagulation. 
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(Normal Up to 20 Min.) 


adding 0.1 cc. of the reagent to 0.9 ee. of blood. 


Serum Prothrombin Time,t Sec. 
(Normal >20 Sec.) 
Pees 


_ 
Hemophilia 
Patient 2 


Clotting Time, Min. 





" Hemophilia 
Patient 1 


Hemophilia 
Patient 2 


30 
10 12 
30 40 


40 8 
27 
13 





PSEUDOHEMOPHILIA TYPE B 


TABLE 2.—Effect of Addition of Plasmas from 
Known “Hemophilic” (AHF, 
PTC, PTA Deficiencies) on the Serum 


Prothrombin Time * 


Syndromes 


Serum 
Prothrombin 
Time,t Sec. 
(Normal 


Witbout addition 
Addition of 


Normal plasma 
AHF-deficient plasma 

Patient 1 

Patient 2 

Patient 

Patient 4 
PTC-deficient plasma 


PT A-deficient plasma 


* All addition experiments were performed by adding 0.1 
ee. of plasma to 0.9 ce. of blood. 


t Serum obtained one hour after coagulation. 


the patient’s BaSO, plasma was not capable 
of restoring the clotting and serum prothrom- 
bin times of two patients with marked AHF 
deficiency to normal values. This was, how- 
ever, readily achieved by addition of the 
normal plasma reagent. 

3. Effect of addition of plasmas from 


(Al [F, 


PTC, and PTA deficiencies) on the serum 


known “hemophilic” syndromes 
prothrombin time of patient’s blood. It is 
evident from Table 2 that the abnormal serum 
prothrombin time of the patient was cor- 
rected by the addition of normal plasma. 
Such a correction failed to materialize when 
the plasmas of 4 different persons with estab- 
lished severe sex-linked hereditary AHF 
deficiency were used. The plasma of one 
patient with PTC (plasma thromboplastin 
component ¢) deficiency as well as that of 
one patient with PTA (plasma thromboplas- 
tin antecedent §) deficiency proved correc- 
tive. These findings again indicate that the 
patient’s blood was lacking in AHF. 

4. Estimation of patient’s AHF. Quanti- 
tative assay procedures of AHF have recently 
been worked out in Dr. Brinkhous’ labora- 
References 16 and 17. 
References 18 and 19 


+ 
+ 
8 


tory.|| The results are expressed in per cent 
of the mean AHF value (100%) of a normal 
control group. The normal values range from 
68% to 165%. Dr. Brinkhous {] assayed the 
AHF content of the patient’s plasma as well 
as of samples from her parents. The AHF in 
the patient’s plasma amounted to 19% and 
22% in two determinations. The mother’s 
AHF ranged from 73% to 78%, and the 
values of the father’s plasma were 120% to 
136%. Thus, only the child had a definite 
diminution of AHF. 

5. Results of tests concerning clotting fac- 
tors other than AHF. Table 3 summarizes 
the findings obtained in regard to other clot- 
ting factors which were investigated in our 
No other than the 
AHF diminution were found. 


patient. abnormalities 


COM MENT 

The hemorrhagic syndrome characterized 
by prolonged bleeding time and decrease in 
AHF has only recently been discovered. Of 
the 19 cases which we have collected from the 
literature, only a few have been described in 
detail. In Table 4 we have summarized some 
Langdell, R. D.; Wagner, R. H., and Brink- 
hous, K. M.: Estimation of Antihemophilic Activity 
by the Partial Thromboplastin Time Technic, in 
Penick, G. D., 
Antihemo- 


72; Graham, J. B.; 
M.: 
the Prothrombin 


Tocantin,** p. 


and Brinkhous, K. Estimation of 


philic Activity by Utilization 
Technic, in Tocantins,45 p. 77 


qDr. K. M. 


these determinations. 


3rinkhous and his colleagues made 


-Results of Tests Concerning Clotting 
Factors Other Than AHF 


TABLE 3. 


Result in 
Our Patient 


Normal 
Type of Test Value 
Two-stage determination of 250-350 units 340 units 
prothrombin concentra- 
tion 2° 
Negative 
Normal 


Circulating anticoagulant 21 Negative 
Labile factor (factor V; 
proaccelerin); one-stage 
technique 22 
Stable factor (factor VII; 
proconvertin); one-stage 
technique 22 


Normal 


Fibrinogen, mg./100 ee. 200-420 
Plasma thrombin time,?4 


seconds 
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PSEUDOHEMOPHILIA TYPE B 


of the most important data obtained on these 
patients, which form the basis of the follow- 
ing analysis of the clinical, hematologic, and 
genetic aspects of this particular bleeding 
diathesis. 

Terminology.—Apart from the decrease in 
AHF, our patient seems to be afflicted with 
“pseudohemophilia.” There is great confusion 
in the literature regarding this term. The 
designation pseudohemophilia was first intro- 
duced by von Willebrand * in 1926 to refer 
to an autosomal hereditary hemorrhagic dis- 
order whose characteristic features are a pro- 
longed bleeding time with a normal clotting 
time. It was ascribed to qualitatively defective 
platelets, since their number is normal. 

Later investigators could not find any con- 
vincing evidence of such a platelet abnormal- 
ity in their patients with prolonged bleeding 
time and normal platelet levels.# Eventually, 
the term pseudohemophilia was used to de- 
note a vascular disturbance which was in- 
criminated for the symptomatology of this 
disease. This interpretation was strengthened 
by the demonstration of abnormal capillaries 
in such patients.?’ 

With the recent advances in testing platelet 
functions, it has been shown that in the family 
originally described by von Willebrand, as 
well as in some similar cases,* a deficiency of 
the platelet thromboplastic factor exists. This 
can be proved by the prothrombin consump- 
tion as well as the thromboplastin-generation 
tests. It is, therefore, not permissible to use 
the terms “pseudohemophilia” and “von 
Willebrand’s disease” as synonyms, since in 
vascular pseudohemophilia these tests for 
platelet function are normal. Unfortunately, 
the designation pseudohemophilia has also 
been applied to disorders caused by circulat- 
ing ariticoagulants.*® At present, many in- 
vestigators apply the admittedly poor term 
pseudohemophilia to the vascular disorder 
which is characterized solely by a prolonged 
bleeding time.?? 

The surprising feature of the syndrome 
under discussion is the association of pseudo- 
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# References 22, 25, and 26. 
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hemophilia with a decrease in antihemophilic 
(AHF). 
philia has lost its sharply defined meaning. 
Classical AHF deficiency can not be differ- 
entiated from PTC (plasma thromboplastin 


factor Recently, the term hemo- 


component) deficiency on clinical or genetic 
grounds only. It has been suggested to refer 
to the former as hemophilia A and to the 
latter as hemophilia B.*! 

Since in this syndrome a definite decrease 
in AHF is present, one may assume the co- 
existence of both conditions, pseudohemo- 
philia and classical hemophilia A.*? However, 
the genetic propagation of this disorder is 
entirely different from the transmission of 
sex-linked hemophilia and resembles closely 
that of vascular pseudohemophilia. This is 
clearly substantiated by the fact that in hemo- 
philia A the appearance of the disease in the 
female is extraordinarily rare, whereas in the 
syndrome under discussion it occurs com- 
monly. Schulman and co-workers’ suggest 


‘ 


the term “vascular hemophilia,” thus empha- 


sizing the “hemophilic” aspect of the disease. 


We prefer the designation “pseudohemophilia 


B,”’ which stresses the clinical and genetic 
similarities with vascular pseudohemophilia 
and has also the advantage of reminding the 
clinician to consider this syndrome in all 
cases with prolonged bleeding time and nor- 
mal platelet level. 

Clinical and Hematologic Features.-—Alex- 
ander and Goldstein, in 1953, were appar- 
ently the first to recognize the syndrome 
which we call pseudohemophilia B, although 
no complete report on their two cases has yet 
been published. Larrieu and Soulier’ de- 
scribed one such patient in detail, and two 
more cases were recently mentioned by these 
authors.® Van Creveld and co-workers * de- 
scribed one female patient, whose disorder 
they interpreted as representing an atypical 
female hemophilia. Several additional cases 
which may or may not fit this syndrome have 
been observed by Quick and Hussey.* Bige- 
low also seems to have encountered two such 
persons.® During the writing of this report 
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M. 
we found that Schulman and co-workers * 
had presented six patients with this syndrome 
at the American Pediatric Society Meeting 
in June, 1955, and, at the same meeting, 
Darte * also reported two such patients. 

It is not by chance that pseudohemophilia 
B has been noted only recently, since prior 
to the beginning of this decade the method- 
ology of studying hemorrhagic diatheses was 
not sufficiently advanced. Occasionally, one 
finds remarks concerning “atypical” instances 
of pseudohemophilia; for example, Estren 
and co-workers *° mention in 1946 a patient 
who “seems to fit into Some group intermedi- 
ate between hemophilia and pseudohemo- 
of the vast literature on 


, 


philia.” Because 
hemorrhagic disorders and the difficulties of 
evaluation of not yet clearly recognized enti- 
ties, we may have inadvertently overlooked 
other pertinent reports. 

Age and Sex.—In the 20 patients, includ- 
ing our own, who form the basis of this com- 
parative study, the reported age varied from 
5 to 30 years. Only six were males. In the 
instances in which the disease was clearly 
familial, one female and three male siblings 
of the respective patients had died from an 
apparently identical disorder. The frequency 
of decreased AHF in females exhibiting this 
syndrome, in contrast to sex-linked hemo- 
philia, is remarkable. 

Onset and Symptoms.—In most patients, 
the hemorrhagic manifestations started early 
in life. Hematomas into the skin ; deep muscle 
bleeding ; epistaxis ; bleeding from the mouth, 
lungs, and gastrointestinal tract, and uterine 
bleeding were most frequently noted. In only 
two persons was joint bleeding present. 
Splenomegaly was recorded in one case.® 
Tooth extraction, other surgical procedures, 
and small injuries frequently necessitated 
blood transfusions. Thus, the clinical features 
are not sufficiently characteristic to permit a 
diagnosis on clinical grounds alone. 

Laboratory Findings.—(a) Platelets: The 
platelet counts are within the normal range. 
In our patient, on a single occasion, the plate- 
let level was found to be decreased. How- 
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ever, this was observed after massive blood 
transfusions, known sometimes to produce 
this effect.*? Some giant platelets may be 
seen, but this is by no means a significant 


feature. The platelet preparation used in the 


thromboplastin generation test (Fig.) re- 


vealed no abnormality, in contradistinction 
to von Willebrand’s “thrombopathic” syn- 
drome.t 

(b) Bleeding Time : The bleeding time was 
more or less markedly prolonged in all cases 
(Table 4), except in two described by Quick 
and Hussey.* It is thus doubtful whether 
these two patients should be included in this 
series. They were described as atypical in- 
stances of female hemophilia. On the other 
hand, it is well known that in pseudohemo- 
philia A the prolonged bleeding time may 
vary and intermittently become normal; so 
far, we have no knowledge whether this may 
not also occur in pseudohemophilia B. 

(c) Abnormally Shaped Capillaries: Mac- 
farlane *’ was the first to point out distortion 
of the capillaries in vascular pseudohemo- 
philia and abnormal reactions of these blood 
vessels to injury. Similar observations were 
made in the two cases of pseudohemophilia B 
described by Alexander and Goldstein * and 
in the patients of Schulman and co-workers.’ 
It is of interest that the mother of one of the 
children reported by Alexander and Gold- 
stein showed abnormal capillaries but no 
hemorrhagic diathesis. Van Creveld found 
normal capillaries in his patient. In the other 
instances no data are available. 

(d) Tourniquet Test: This test was posi- 
tive in 11 out of 14 persons in whom it was 
performed. 

(e) Clot Retraction: No abnormality was 
noted. 

(f) Serotonin: Bigelow*® found normal 
values for serotonin in the serum of his two 
patients. 

(g) Clotting Time: The clotting time was 
either normal or slightly to moderately pro- 
longed. That the clotting time may be normal 
in sex-linked AHF deficiency has been re- 
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peatedly emphasized.§ Since in both pseudo- 
hemophilia A and pseudohemophilia B the 
prolonged bleeding time is the most conspicu- 
ous abnormality in the routine laboratory 
studies, the finding of a normal clotting time 
in about half of the cases indicates the limited 
value of this test in the diagnosis of this 
disorder. 

(h) Plasma Prothrombin Labile 
and Stable Factors ; Fibrinogen: Usually, the 
tests concerning these factors were normal. 


Time; 


However, in two instances the prothrombin 
time was slightly prolonged* and in one 
patient a slight decrease in stable factor 
was also noted.° 

(4) Serum Prothrombin Time: The pro- 
thrombin consumption was almost always 
distinctly abnormal, although in some pa- 
tients fluctuations occurred, the results being 
sometimes within the lower normal range. 
This is of particular significance, since in the 
absence of a prolonged clotting time a “short” 
serum prothrombin time provides the first 
clue for the existence of a defect in the clot- 
ting factors in this syndrome. It is for this 
reason that in all patients with pseudohemo- 
philia the prothrombin consumption test 
should be performed. We have retested five 
of our patients with pseudohemophilia A, but 
in none was this test positive. 

(7) Antithrombin: No evidence of an ele- 
vated antithrombin titer was detected in the 
few cases in which this determination was 
performed. 

(k) Heparin Tolerance: An increased tol- 
erance to heparin was noted by Larrieu and 
Soulier * in three cases, and this was also 
found in the patient of van Creveld and co- 
workers.® The significance of this result re- 
mains to be elucidated. 

(1) Thromboplastin Generation Test and 
Assay of AHF: The thromboplastin genera- 
tion test was applied in 13 patients. Substitu- 
tion of patient’s BaSO, plasma with the 
homologous normal reagent rectified the ab- 
normal results. Since the patient’s plasma had 
an incomplete corrective effect on the clotting 
—_——e 
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abnormalities in established hemophiliacs of 
type A, a decrease in AHF has to be postu- 
lated. In a few patients in whom the AHF 
level was estimated by different procedures, 
variations from 5% to 22% of normal were 
found. 

As previously pointed out, the serum pro- 
thrombin time may, at times, be at the lower 
normal range in pseudohemophilia B. In this 
situation, the thromboplastin generation test 
has been invaluable in revealing the decrease 
in AHF. Whether this procedure could be 
substituted for by the simpler addition ex- 
periments, demonstrating the influence of the 
patient’s plasma on the prothrombin con- 
sumption of hemophilic bloods (Tables 1 and 
2), remains to be investigated. 


DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 


The prolonged bleeding time with a normal 
platelet level will immediately suggest the 
diagnosis of vascular pseudohemophilia (type 
A). The finding of a prolonged clotting time 
or, more constantly encountered, of an ab- 
normal serum prothrombin time may lead one 
to suspect the existence of the thrombopathy 
of von Willebrand.” In the latter disorder, 


the platelet preparation will turn out to be 
responsible for the defective thromboplastin 


generation test of Biggs and Douglas,’* 
whereas in the syndrome under discussion 
the BaSo, adsorbed plasma will be found to 
be defective. This latter result may then be 
confirmed by testing the influence of the pa- 
tient’s plasma on the blood of persons with 
known classical hemophilia. It appears doubt- 
ful whether the two patients of Quick and 
Hussey,* in whom the bleeding time was 
normal, really belong to this syndrome. 
However, it is not yet known whether in 
pseudohemophilia B the bleeding time may 
show the same spontaneous intermittent vari- 
ations which have been observed in pseudo- 
hemophilia B.*° 

The most important item in the diagnosis 
of pseudohemophilia B is the knowledge of 
its existence. One may predict that many 
more cases will be observed in the future if 
ae 
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the serum prothrombin time and the throm- 
boplastin generation test will be included as 
regular routine procedures in the study of all 
hemorrhagic diatheses. 

Genetic Considerations. — Pseudohemo- 
philia A may appear in both sexes,{ but the 
genetic mechanisms which determine this dis- 
order are not well understood. In some fami- 
lies it is clearly transmitted as a simple 
Mendelian dominant, whereas in others it 
may appear only in males, being inherited 
directly from father to son.# Families have 
been reported, however, where the gene be- 
haved as a recessive, the disease appearing 
only in offspring of consanguinous marriages 
of clinically “normal” parents.** 

The inheritance pattern of hemophilia A 
or B is commonly characterized as being due 
to a sex-linked recessive gene which causes 
clinical manifestations in the hemizygous * 
male only. No clinical signs are demonstrable 
in the heterozygous (female) conductor. 
Sex-linked hemophilia in the female may re- 
sult from the mating of a male hemophiliac 
and a hemophilic conductor. Thus, AHF (or 
PTC) deficiency in a female is due to the 
homozygous state of the abnormal gene. This 
has been demonstrated in a few 
man + and experimentally proved in canine 
hemophilia.{ Recently, it has been shown that 


cases in 


occasionally conductors of hemophilia A or 
3 reveal a decrease of AHF or PTC, respec- 
tively, although they remain clinically asymp- 
tomatic.§ Such observations are, however, 
the rare exceptions rather than the rule. 
neeaiieeiions 

{ References 35-38. 

# References 35-38. 

*In genetic terminology, the term “heterozy- 
gous” is used when there is a difference between 
the members of a pair of genes. Since in the case 
of sex-linked traits the male has but one representa- 
tive of a particular locus (on the X chromosome) 
instead of the usual two, the term “heterozygous” 
is not applicable. In such instances, the term “hemi- 
zygous” has been employed for males. Females, 
however, may be either “heterozygous” or “homo- 
zygous”. 

+References 39 and 40. 
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A. ARCHIVES 


OF INTERNAL MEDICINE 
We have previously emphasized ** that the 
‘activated’ by 


‘ 


“hemophilia genes” must be 
other (still unknown) factors to elicit the 
clinical syndromes. 

Hemophilia A—and the same applies also 
to PTC deficiency—is not a uniform disease, 
inasmuch as it may manifest itself in a severe, 
a milder, or even in a subclinical form.** The 
expression of the abnormal gene does not 
vary within the same kindred over many gen- 
erations. For this reason, Graham, McLen- 
don, and Brinkhous * postulated a gene H 
which regulates the normal production of 
AHF.|| In severe hemophilia, this gene is 
replaced by the abnormal allele, h, and in the 
mild type, by another allele, designated as 
h™. Measurements of plasma AHF activity 
in such families provide the basis of this mul- 
tiple-allele hypothesis. In classical severe 
hemophilia no AHF is found, but in the 
milder type a subnormal AHF level is de- 
tectable. The multiple-allele hypothesis en- 
counters difficulties in the explanation of the 
AHF level in the heterozygous female con- 
ductors.** In severe hemophilia the AHF 
level of the conductors is usually normal, 
whereas in the milder types some but not all 
of the conductors exhibit some definite dimi- 
nution of the antihemophilic factor. These 
findings suggest again that the expressivity 
of the hemophilia gene is influenced by other 
modifying determinants. 

The inheritance patterns of pseudohemo- 
philia B resemble those of pseudohemophilia 
A. In our patient this disorder seems to be 


caused by an autosomal recessive gene being 


present in the homozygous state. This is the 


usual interpretation given for familial abnor- 
malities appearing in the offspring of con- 
sanguinous phenotypically normal parents. 
However, in the family reported by Darte * 
the transmission was apparently due to a 
Mendelian dominant. A mother, mildly af- 


The controversy whether hemophilia is caused 
by a real deficiency of AHF or a functional defi- 
ciency due to the presence ot an inhibitor falls out- 
side of the scope of this paper. However, investiga- 
tions along this line may differentiate the various 
types of AHF “deficiency” further. 
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flicted with the syndrome, had two children 
(one male and one female) with this disease. 
These two observations suggest two different 
inheritance patterns (dominant and _ reces- 
sive ), similar to those established for pseudo- 
hemophilia A. In the other cases in the litera- 
ture available to us, the inheritance pattern 
was not discernible, aside from the fact that 
in several instances more than one sibling 
was afflicted. It is of interest that the mother 
of one of the patients of Alexander and Gold- 
stein * showed only pathologic capillaries but 
no other abnormal clinical or laboratory find- 
ings. The demonstration that the vascular 
pattern (abnormal capillaries) as well as the 
mode of inheritance of pseudohemophilia A 
and B are similar makes it probable that these 
two disorders are closely related. One is 
tempted to speculate that the abnormal gene 
responsible for pseudohemophilia B_ inter- 
feres with the expression of the gene H for 
AHF production (postulated by Brink- 
hous **) and thus causes the diminution of 
AHF. The assumption that patients with 
pseudohemophilia B may have a dual genetic 
abnormality, i. e., a gene for pseudohemo- 
philia and another one for mild hemophilia 
(h™), must also be considered. In this case 
one should expect a sex-linked inheritance 
pattern, which is, however, absent in this 
syndrome. Obviously, the problem requires 
much more detailed study. If it could be 
that the 
well as diminished 


abnormalities 
AHF) 


segregate separately, the probability of the 


demonstrated two 


(vascular as 


two-gene hypothesis would be very much 


enhanced. 


PROGNOSIS AND TREATMENT 
Nothing definite can be said about the 
prognosis in this syndrome. 
in childhood, but it appears to be compatible 
with a relatively normal life span in some 
persons.# As in pseudohemophilia A, the at- 
tacks of hemorrhage may become less fre- 
quent and less severe with increasing age.* 


mm 


It may be fatal 


{ References 1, 3, and 8. 
# References 1 and 8. 


* References 25 and 35-38. 


Blood transfusions must be given in severe 
hemorrhage. Schulman and_ co-workers‘ 
noted a striking improvement in the bleeding 
time following transfusions of fresh frozen 
plasma. This could not be observed in the 
patients of Alexander and Goldstein’ nor 
in our patient. Fresh blood seems to be more 
effective than older blood, Why the patients 
are at times asymptomatic and bleed pro- 
fusely at other times, without any discernible 


external cause, remains to be elucidated. 


SUMMARY 

A 13-year-old girl, the offspring of a con- 
sanguinous marriage, with a severe hemor- 
rhagic diathesis is described. The bleeding 
disorder is characterized by a_ prolonged 
bleeding time and a decrease in antihemo- 
philic factor in the plasma. 

Nineteen similar cases (thirteen females 
and six males) have been collected from the 
literature. This syndrome is interpreted as a 
variant of vascular pseudohemophilia, and the 


term “pseudohemophilia B” is suggested for 


it. 
Genetically, pseudohemophilia B may be 
transmitted by autosomal genes behaving 


either as Mendelian dominants or as re- 
cessives. 

The differential diagnosis of pseudohemo- 
philia B from vascular pseudohemophilia A, 
from Willebrand’s (platelet 
thromboplastic factor deficiency), and from 
sex-linked hemophilia A (antihemophilic fac- 
tor deficiency) and hemophilia B (plasma 
thromboplastin component deficiency) is out- 


von disease 


lined. 
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An Explanation for the Continuous Murmur Found in the Aortic Arch Syndrome 
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In recent years the so-called aortic arch 
syndrome has received considerable attention 
and has been well reviewed by Ross and 
McKusick!; Currier, DeJong, and Bole,’ 
and Skipper and Flint.* These authors and 
others have described the cerebral manifesta- 
tions, ocular findings, ischemia and atrophy 
of the tissues of the face, hyperactivity of the 
carotid sinuses and syncope and epilepsy, and 
the vascular insufficiency of the upper ex- 
tremities which is sometimes productive of 
intermittent claudication there. The etiology 
of the aortic arch syndrome, which has also 
been termed “pulseless disease,” “reverse 
coarctation,” and, in Japan, Takayasu’s dis- 
ease, has been ascribed to syphilitic aortitis 
and arteritis with or without aneurysm for- 
mation, atheromatosis, so-called giant-cell 
arteritis, chronic dissecting aneurysm, throm- 
bophilia, and perhaps chest trauma. 

One of the most puzzling features of the 
disorder has been the occurrence in at least 
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eight reported cases of a loud continuous 
systolic and diastolic murmur heard at the 
base of the neck anteriorly in the general 
region of either common carotid artery or the 
innominate artery. These murmurs, which to 
several observers have been reminiscent of 
those of large arteriovenous fistulae, have 
been heard on either the right or the left side 
of the neck, generally just above the corre- 
sponding sternoclavicular joint. The various 
observations from the literature on such mur- 
murs are summarized in the Table. None of 
the authors puts forth his explanation for the 
murmur with particular conviction or en- 
thusiasm, and in no case was there appar- 
ently an opportunity to correlate clinical 
observations with autopsy findings. The op- 
erative findings of Elliott and co-workers * 
provide the most pertinent clinicopathological 
information to date. 

Our interest in this matter was aroused by 
the finding of such a loud systolic and dias- 
tolic murmur in Case |. It was hypothesized 
that the murmur might be due simply to the 
partial occlusion of a major artery under 
circumstances where neighboring arteries, 
which would ordinarily provide collateral cir- 
culation to the domain of the obstructed 
artery, were also severely occluded and there- 
fore could not supply such collaterals. Ac- 
cordingly, the pressure beyond the point of 
partial obstruction in the first artery would 
not only be diminished in systole but would 
remain low in diastole in the absence of 
significant collateral inflow. This would pro- 
vide at all times a considerable pressure 
gradient across the area of partial occlusion, 
which would allow enough flow during dias- 
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tole as well as systole to produce a continu- 
ous murmur. 

As the autopsy findings in Case 1 appeared 
to concur with this hypothesis, a similar 
hemodynamic situation was created in dogs, 
and an entirely similar murmur was pro- 
duced. Shortly thereafter, Case 2 was ob- 
served, with a different but comparable arte- 
rial occlusive disease. It was possible in this 
patient to convert a simply systolic murmur 
into a continuous bruit by exercise, with 
similar hemodynamic considerations being 
operative. This report, then, summarizes 
Case 1 with autopsy data and Case 2, de- 
scribes the experimental production of the 
murmur, and offers an explanation for the 
phenomenon of a continuous murmur in arte- 
rial obstructive disease. 


REPORT OF A CASE 


Case 1—A 39-year-old white married mill 
worker entered Duke Hospital in December, 1954, 
with a complaint of “spells” of four months’ dura- 
tion. For six months previously his wife had 
noticed his left arm and leg to become smaller than 
the corresponding right extremities. She had also 
noticed increasing pallor in his face and arms. 
During the four months before admission he ex- 
perienced five episodes, all of which were similar, 
as follows: There was sudden onset of severe 
vertigo; the left face, arm, and leg then became 
numb and weak, and speech was indistinct. There 
was no pain with these episodes, and conscious- 
ness was not impaired. In 30 to 45 minutes most of 
his symptoms would disappear, leaving only some 
residual numbness and weakness of the left ex- 
tremities. On examination ai the time of the first 
‘attack his local physician found the blood pres- 
sure “low” in both arms. The patient knew that 
he had had a normal blood pressure some nine 
years previously. 

In between episodes he would notice that the 
first three digits of the left hand would turn white 
on exposure to cold. When in a bright light, there 
was a “smoky haze” over both eyes, and the left 
pupil was noted to be larger than the right. 

The day of admission to the hospital he had 
a seizure characterized by turning of the head to 
the right, “quivering” of the right arm and leg, 
closure of the right eyelids, drawing of the mouth 
to the right, and urinary incontinence. With this 
episode he was unconscious for about 45 minutes. 
On recovery there was inability to talk followed 
shortly thereafter by muttering speech. The right 
side was found to be paralyzed, although the left- 
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sided weakness was as before, and he complained 
of a right temporal headache. 


Eleven years previously, the patient in an auto- 
mobile accident was thrown against the steering 
wheel and suffered severe chest pain for the three 
weeks following. 

There was no history of venereal diseases. 

Physical examination disclosed a thin lethargic 
man lying very quietly in bed. Blood pressure was 
unobtainable in either arm by the usual sphygmo- 
manometric technique, but was estimated at 160/80 
i the legs. A later direct measurement of the 
femoral arterial pressure by arterial puncture and 
capacitance manometer gave a value of 155/70. 
The blood pressure in the arms, as estimated by 
occluding all circulation by means of a sphygmo- 
manometer cuff with the arm held upright and 
then after a period of several minutes allowing 
the pressure to fall until the hand flushed, was 
52 mm. Hg on either side. The left pupil was 
larger than the right, but both reacted well to 
light and upon accommodation. There was con- 
jugate deviation of the eyes to the right. The optic 
fundi were remarkable only for prominent veins. 
There was a perforation of the cartilaginous por- 
tion of the nasal septum. The right common carotid 
artery was weakly pulsatile, and pulsations could be 
felt in the right superficial temporal artery. No 
arterial pulsations could be felt in the left common 
carotid or in any artery of either upper extremity. 
Over the right common carotid artery in its first 
portion, about 4 cm. above the head of the right 
clavicle, was heard a loud systolic murmur which 
continued without interruption into diastole, oc- 
cupying half of the latter in a decrescendo manner. 
A thrill accompanied the systolic part of the mur- 
mur. The murmur was transmitted up the right 
side of the neck to the angle of the mandible, down 
the right arm to the elbow, and beneath the 
manubrium. The systolic component, being louder, 
was much more widely transmitted than the dias- 
tolic component. Pressure adequate to occlude the 
jugular venous return on the right had no effect 
on the murmur. The veins of the neck were in 
no way prominent, and no collateral venous circula- 
tion was detectable there. One palpable 
artery, about 2 mm. in diameter, was felt super- 
ficially in the suprasternal notch and was inter- 
preted as a collateral vessel. The heart was not 
remarkable. A powerful pulsation was easily felt 
over the abdominal aorta, and the femoral, popliteal, 
and pedal pulses were easily located and seemed 
of at least normal intensity. 


easily 


Neurological abnormalities were nystagmus on 
left lateral gaze, inability to move the eyes to the 
left beyond the midline, a nuclear or peripheral 
type of left facial weakness, deviation of the tongue 
to the left on protrusion, difficulty in swallowing, 
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a flaccid left hemiparesis and hemihypesthesia with 
an extension plantar response on the left, ar- 
tereognosis of the left hand, impaired two-point 
discrimination over the left arm and leg, and 
diminished position and vibratory senses over the 
left lower extremity. There was no distinct weak- 
ness of the right arm and leg, but rapid rhythmic 
movements were poorly performed there. 

The left shoulder and arm appeared smaller than 
the right. 
the level of the midportion of the biceps was 25 cm., 


as compared with 28 cm. on the right. The circum- 


The circumference of the left arm at 


ference of the forearm in its midportion was 21 
cm. on the left, as compared with 24 cm. on the 
right. 


OBSTRUCTION 


culty clearing secretions from the upper respira- 
tory tract, aspirated, and developed pneumonia. 
Bilateral stellate ganglion block produced no im- 
provement; however, the systolic and, particularly, 
the diastolic bruit over the lower right common 
carotid artery became definitely louder after the 
block on that side. He failed progressively and died 
12 days after admission. 
PATHOLOGICAL FINDINGS FROM AUTOPSY 
Gross Examination.—The aortic arch presented 
the following anatomic features (Fig. 14 and B): 
In the arch, besides typical yellow atheromatous 
plaques, there were firm gray intimal elevations 


producing extreme narrowing of the orifices of 


Fig. 1 (Case 1).—A, photograph of the aortic arch and its major branches. B, diagram 
of the aortic arch and its major branches extended to include the circle of Willis. Striped 
areas represent vascular wall thickening; black areas represent old organized thrombus, and 


stippled areas represent recent thrombus. 


Serum cholesterol was 280 mg. per 100 ml. The 
electrocardiogram indicated an old posterior myo- 
cardial infarction. Chest x-ray disclosed a normal- 
sized heart, but the aorta was moderately tortuous, 
with calcification in the arch. On skull x-rays there 
was seen calcification of the internal carotid ar- 
teries bilaterally. Lumbar puncture showed nor- 
mal fluid under normal pressure. Serological tests 
of both blood and spinal fluid for syphilis were 
negative. 


The patient became progressively more lethargic, 


and the left hemiparesis, more severe. A left 
homonymous hemianopsia developed. He had diffi- 


the great vessels, including the ostia of the coronary 
arteries. The innominate artery was patent, but 
its orifice was greatly narrowed, to a diameter of 
1.5 mm., by an encircling hard yellow-gray intimal 
plaque. This intimal thickening extended distally, 
being more prominent at the mouths of the right 
subclavian and right common carotid arteries. The 
orifice of the right external carotid artery was 
rendered stenotic by intimal thickening, but the 
vessel was not occluded. The lumen of the right 
internal carotid artery at its origin was moderately 
narrowed by intimal plaques and obliterated by 
a recent thrombus. 
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Fig. 2.—Photomicrograph, low power, of the ori- 
fice of the left common carotid artery, showing 
the prominent intimal thickening, adventitial thick- 
ening, and thrombus formation. 
carotid artery was rigid 
Its intima was extremely 


The left 
throughout its course. 
and irregularly thickened by firm gray tissue, and 
its lumen obstructed by old pale brown 
thrombus and gray tissue (Fig. 2). 
This involvement extended to the carotid bifurca- 
tion. The left external and internal carotid arteries 
were not occluded, although their orifices were 
reduced by extension of the mural thickening. 


common 


was 
connective 


The left subclavian artery at its origin demon- 
strated stenosis resulting from an irregular hard 
thickening of the vessel wall. The vessel was com- 
pletely occluded by an organized thrombus from 
its beginning to the origin of the left vertebral 
artery. 

The major branches of the subclavian arteries— 
the thyrocervical and costocervical trunks and the 
vertebral and internal mammary arteries—were 
normal in their origin and distribution. They were 
patent, showed only slight irregular thickening of 
their walls, were not abnormally dilated, and made 
no direct venous communications. 

On x-ray arteriogram (Fig. 3) of the aortic arch 
and its branches, made five hours after death, 
demonstrated the severe narrowing of the orifice 
of the innominate artery. The contrast medium filled 
this vessel, as well as the right subclavian, right 
common, and external carotid; right and left verte- 
bral, and other major branches of the subclavian 
arteries. There was failure of visualization of 
the left common carotid, the proximal segment of 
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the left subclavian, and the right and left internal 
carotid and cerebral vessels. No arteriovenous 
fistula was demonstrated. 

The aorta exhibited extensive 
with intimal plaques of varied structure. Some were 
yellow and soft, others pale and firm, and many 
showed irregular ulceration and calcification. These 
plaques increased in number, size, and severity in 
the abdominal portion. The common iliac arteries 
also showed reduction in caliber by intimal scle- 
rotic thickening, but their lumina remained patent. 


arteriosclerosis, 


The renal arteries displayed only slight eccentric 
intimal thickening without occlusion. 

The heart weighed 350 gm. In the posterior wall 
of the left there was 
a transmural scar measuring 4x2 cm. The right 
coronary artery was completely occluded over a 
thrombus in a 


ventricle near the septum 


long segment by an organized 
lumen narrowed by a large eccentric yellow-white 
mural plaque. The left coronary artery was patent, 
but its channel also reduced by irregular 
sclerotic thickening. The aortic valve was com- 


petent and revealed no thickening, separation of 


was 


commissures, or other alteration. 
The right cerebral hemisphere was involved by 
a massive recent ischemic infarct, chiefly in the 


Fig. 3 (Case 1).—Postmortem arteriogram with 
iodopyracet (Diodrast) injected into the aortic 
arch. The patent, though partially cccluded, in- 
nominate artery and the obstructed left common 
carotid and left subclavian arteries are clearly 
demonstrated. 
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Fig. 4 (Case 1).—Photomicrographs of lesions of the major arteries. A, 
thoracic aorta, showing perivascular infiltration of lymphocytes and plasma cells about thickened 
vasa vasorum; B, the wall of the left common carotid artery, showing thickening of the ad- 
ventitia; C, the wall of the left subclavian artery, showing extensive medial scarring, and D, 
the wall of the left common carotid artery, showing granulation tissue and heavy infiltration 
of lymphocytes, plasma cells, and macrophages. 


distribution of the anterior and middle cerebral 
arteries. The left cerebral hemisphere showed only 
slight softening. In the left cerebellar hemisphere 
there was a small zone of liquefied cortex. There 
was but mild arteriosclerotic thickening of the in- 
tracranial vessels, with recent thrombotic occlusion 
of the right internal carotid artery in its intra- 
cranial portion. 

Microscopic Examination.—The abdominal aorta 
presented typical intimal arteriosclerotic plaques. 


OBSTRUCTION 


the wall of the 


In the thoracic aorta and branches of the aortic 
arch, some of the mural thickenings, especially 
those at the orifices of the great vessels, were not 
ordinary atheromatous plaques, as they demon- 
strated certain features of inflammation and scar- 
ring. In the adventitia of the thoracic aorta there 
were focal masses of lymphocytes and plasma cells 
about thick-walled vasa vasorum (Fig. 44). In 
the branches of the aortic arch there was less 
cellular reaction but dense fibrous and hyaline 
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thickening of the adventitia (Fig. 4B). The media 
showed focal infiltration of lymphocytes and plasma 
cells’ about penetrating nutrient vessels and small 
hyaline scars (Fig. 4C). The inflammatory reac- 
tion involved the intima well; in the thick 
hyaline plaques were focal masses of granulation 
tissue heavily infiltrated with lymphocytes, plasma 
cells, and macrophages (Fig. 4D). 


as 


There were no areas of fresh necrosis, frank 
gummatous inflammation, or giant-cell response. 
No treponemata or other organisms were recog- 
nized in specially stained sections. 

The microscopic sections confirmed the gross 
impression of recent thrombotic occlusion of the 
right internal carotid artery, organized thrombosis 
of the left common carotid artery, an organized 
and hyalinized thrombus occluding the proximal 
portion of the left subclavian artery, and an or- 
ganized and recanalized thrombus in the right 
coronary artery. The hyaline scar in the left cardiac 
ventricle represented old infarction. 

The histologic alterations in the right cerebral 
hemisphere were consistent with recent infarction 
of about two weeks’ duration, as suggested by the 
clinical history, and correlated with the approximate 
age of the thrombi in the right internal carotid 
artery. The left cerebral cortex showed mild and 
more recent ischemic changes consisting of scattered 
necrotic neurones and a few small foci of encephalo- 
malacia. 


CoMMENT 

The complete occlusion of the left sub- 
clavian, left common carotid, and right in- 
ternal carotid arteries, with extreme narrow- 
ing of the orifice of the innominate artery, 
explains the absent pulses and the cerebral 
symptoms. 

The etiologic basis for the severe occlusive 
vascular disease in the aortic arch is not 
established with certainty. There was severe 
arteriosclerosis of the usual type throughout 
the aorta and its branches. In the thoracic 
portion, especially in the regions about the 
orifices of the branches of the aortic arch, the 
thick gray elevations suggested some other 
contributing factor. An associated inflamma- 
tory process was indicated by certain micro- 
scopic features, namely, focal collections of 
lymphocytes and plasma cells about the vasa 
vasorum, dense adventitial fibrous tissue pro- 
liferation, focal scarring in the media, and 
intimal thickening with focal areas of granu- 
lation tissue and inflammatory cells. The 
findings suggest that this inflammatory dis- 
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ease accelerated the development of severe 
arteriosclerotic occlusive disease in the aortic 
arch and its branches. This concept would fit 
with clinical experience in that it would be 
most unusual to find, on a simple athero- 
sclerotic basis, this degree of occlusive dis- 
sase in the branches of the aortic arch in the 
absence of severer occlusive atherosclerosis 
of the abdominal aorta and the arteries of the 
lower extremities. 

The structural alterations in this case, al- 
though not diagnostic of syphilis, are con- 
sistent with the late stages of healing syphi- 
litic vascular disease. It is unfortunate that 
a Treponema immobilization test was not 
done in this case, particularly in view of the 
experience of Currier and co-authors,? whose 
patient with the aortic arch syndrome had a 
positive Treponema immobilization test in 
the face of negative Kahn reactions in both 
blood and spinal fluid. 


EXPERIMENTAL PRODUCTION OF A 
CONTINUOUS MURMUR BY PARTIAL 
ARTERIAL OCCLUSION 


The autopsy findings in Case 1 led to ex- 
periments designed to produce a similar 
hemodynamic situation and a comparable 
murmur in animals. The femoral artery and 
vein of one leg were exposed and isolated just 
below the groin in dogs under light pento- 
barbital anesthesia. A clamp, as devised by 
Heymans,°** was placed and tightened around 
the entire thigh as proximally as possible 
but excluding the femoral artery and vein. 
Care was taken that the femoral artery and 
vein were not obstructed to any degree, as 
by kinking, etc. The Heymans clamp effec- 
tively excludes all arterial collaterals to the 
lower extremity, and all inflow of blood must 
be through the femoral artery. Likewise, all 
outflow must occur via the femoral vein. Now, 
when the femoral artery just above the level 
of the clamp is partially occluded by com- 
pression, a systolic murmur is created which 
with the right degree of compression con- 
tinues on into diastole, just like the murmurs 


*The écraseur used was kindly supplied by 
Dr. C. Heymans, of Ghent. 
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MURMURS OF PARTIAL ARTERIAL OCCLUSION 
EXPERIMENTAL DOGS 
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Fig. 5.—Phonographic recording of the murmurs of partial arterial occlusion in the experi- 
mental dog with simultaneous tracing of the arterial pulse recorded over the opposite femoral 


artery. 


described in the aortic arch syndrome. The 
compression can be either digital or by a 
variety of screw clamp. Compression of the 
artery with the collaterals unimpeded is 
capable of producing only a systolic murmur. 
The diastolic component of the murmur in 


the clamped extremity is brought out only 
at certain degrees of arterial obstruction. 
Too mild or too severe obstruction gives only 
a relatively feeble systolic murmur; the 
proper degree of intermediate obstruction 
produces the continuous systolic and diastolic 
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murmur with consistency. This is illustrated 
in Figure 5, where in the first strip there is 
only slight compression and only a mild sys- 
tolic murmur is present. Progressive com- 
pression leads to a loud continuous murmur 
with systolic accentuation (second and third 


strips, Fig. 5). Partial release reverts the 
situation to only a systolic murmur. The 
continuous murmur can be more easily 
brought out at the proper degree of compres- 
sion if the involved leg is emptied of blood 
by mechanically aiding venous return or if 
vasodilators, such as tolazoline (Priscoline) 
or nitrites, are administered into the femoral 
artery. 

The above observations in Case 1 and on 
the dog led to the study of a second patient, 
who had occlusive disease of the lower aorta 
and of the arteries of the lower extremities. 


REPORT OF A CASE 


Case 2.—A 34-year-old male bookkeeper was 
admitted to the Durham Veterans Administration 
Hospital for the treatment of intermittent claudica- 
tion of both legs. 

In 1943, while in 
of severe sharp pain in the right popliteal fossa. 
Soon the leg below also became painful, cold, and 
white but not numb. He did not seek medical at- 
tention, and his symptoms progressively disappeared 


service, he had sudden onset 


over a period of five months. He was soon dis- 
charged from the service but told that he 
had arterial hypertension at the time of the dis- 
charge examination. Shortly thereafter intermittent 


was 


claudication appeared on the right and then on the 
left. This had become progressively worse over 
the years. In 1948 he had a bilateral lumbar sym- 
pathectomy in another hospital. 

In 1951 he experienced a burning substernal pain 
and was treated for myocardial infarction, which 
apparently was accompanied by electrocardiographic 
abnormalities. 

Both of his lenses became dislocated in May, 
1955, and therefore he was readmitted to a hospital 
in Florida. There his blood pressure was found 
to be 190/90 in the arms. The aortic pulse could 
not be felt below the umbilicus. Both femoral ar- 
terial pulses were weak, as was the left popliteal 
pulse. None of the pedal pulses nor the 
popliteal pulse could be felt at all. X-ray examina- 
tions showed calcification of the abdominal aorta 
and, incidentally, a double renal pelvis on the right. 


right 


Physical examination in our hospital showed a 
blood pressure of 190/110. The heart was border- 
line in size, and there was a Grade 2 apical systolic 
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Fig. 6 (Case 2).—Aortogram demonstrating the 
complete obstruction of the aorta below the origin 
of the renal arteries and the collateral circulation 
via intercostal arteries. 
murmur. The aortic pulsation was felt down to a 
point about 2 cm. above the umbilicus, and a Grade 
1 systolic murmur could be heard over the aorta 
in the epigastrium. The condition of the arterial 
pulses in the lower extremities was as described 
above, except that the left popliteal pulse could 
not be felt. There were no trophic changes in either 
leg. There was a Grade 2 systolic murmur over 
the right femoral artery, which could also be heard 
upward in the general region of the right external 
iliac artery. 

An x-ray film showed the heart to be slightly 
(Fig. 6) demonstrated 

abdominal aorta 


aortogram 

complete occlusion of the 
below the level of the renai arteries. There was 
marked collateral circulation from the lower inter- 


enlarged. An 
just 
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Resting 


After Exercise 


Fig. 7 (Case 2).—Phonographic recording of the murmur over the right femoral artery 
before and after exercise of the legs, with simultaneous recording of the right radial arterial 


pulse by means of an intra-arterial needle. 


costal arteries downward, and there seemed to be 


collateral arteries to the lower extremities from 
a very prominent inferior mesenteric artery. 
Serum cholesterol was 218 mg. per 100 ml. The 
serological test for syphilis was negative. Renal 
clearance tests showed good renal function. Eiectro 
cardiogram showed no specific changes, and there 
were no findings diagnostic of old myocardial in- 
farction. The systolic murmur over the right femoral 
artery was recorded as illustrated in Figure 7, 
upper strip. The patient then performed moderate 
exercise with both legs, and the murmur was greatly 
intensified and transformed to a continuous char- 
acter, as shown in the lower tracing of Figure 7. 
Operation disclosed hypoplasia of the abdominal 
aorta (?congenital), with complete occlusions due 
to atherosclerosis and thrombosis from a_ point 
7 cm. below the renal arteries. Both femoral arteries 
were patent and their walls appeared entirely nor- 
mal, but they were carrying very little blood. Small 
collateral arteries were seen entering the femorals, 
more so on the right than on the left. The occluded 
portion of the lower aorta and the iliac arteries 
was resected, and a graft linking the aorta just 
below the renal arteries to both femoral arteries 
was put in place, with considerable improvement 


of the circulation to both lower extremities. 


COMMENT 


The continuous murmur often heard in the 
aortic arch syndrome must be produced by 


the eddying of blood as it flows by and beyond 
a localized arterial narrowing such as that at 
the origin of the innominate artery of Case 1. 
The amount of eddying will depend, among 
other factors, on the gradient of pressure 
across the area of narrowing. Blood flow is, 
of course, more rapid during systole, and 
arterial narrowings interfere first with sys- 
tolic pressure so as to reduce considerably 
pulse pressure beyond the obstruction. In 
other words, the systolic gradient across the 
obstruction is high. It is accordingly under- 
standable that systolic murmurs are com- 
monly heard over localized arterial narrow- 
ings and that systolic accentuation regularly 
occurs when murmurs are both systolic and 
diastolic. 

As Edholm and co-workers *° have shown, 
in many instances localized or segmental arte- 
rial obstruction has no effect on diastolic 
pressure in the artery distally. This occurs 
because the collateral arteries bypassing the 
obstruction maintain a normal flow into the 
part and, since peripheral resistance is not 
affected, a normal diastolic pressure prevails. 
Under these conditions there would be no 
diastolic gradient of any significant magni- 
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tude across the obstruction. Diastolic blood 
flow by the obstruction would be compara- 
tively small and inadequate to produce a 
bruit. 

Under circumstances where the neighbor- 
ing arteries, which would provide the col- 
laterals, are badly diseased, collateral inflow 
will be inadequate to maintain either a nor- 
mal blood flow or a normal diastolic pressure. 
The greater the disease process in these other 
regional arteries the poorer will be the col- 
lateral circulation and the greater will be the 
diastolic pressure gradient across the point 
of obstruction in the main artery. The high 
diastolic pressure gradient across the narrow- 
ing would be associated with a diastolic flow 
of adequate velocity to add a diastolic com- 
ponent to the systolic murmur. Considerable 
flow might occur throughout diastole, in 
which case the murmur in the area of ob- 
struction would be truly continuous, or the 
gradient might provide rapid flow only dur- 
ing the first part of diastole, giving a murmur 
like that of our Case 1. 

The above circumstances of (a) a nar- 
rowed main artery with (>) all or almost all 
of the regional arteries capable of supplying 
collaterals being badly diseased are admirably 
met by the aortic arch syndrome. Inspection 
of the Table shows that, in every instance in 
which a continuous murmur has been heard, 
every artery from the aortic arch supplying 
the head and arms has been severely involved. 

Any factor which would dilate the periph- 
eral vascular bed in the domain of the artery 
beyond the obstruction would, when collateral 
arterial inflow is inadequate, further lower 
diastolic pressure there. This has been shown 
in extremities with obstructed arteries by 
Dornhorst and Sharpey-Shafer,1! who used 
complete arterial occlusion distal to the par- 
tial obstruction to open up the peripheral bed 
(reactive hyperemia). In the aortic arch syn- 
drome there is probably tissue anoxia to a 
degree adequate to produce vasodilatation. 
The dilated retinal veins of Case 1 may be so 
explained. Such peripheral vasodilation, by 
further increasing the diastolic gradient be- 
tween the unobstructed and obstructed por- 
tions of the artery, would promote the dias- 
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tolic the It is of 
interest that stellate ganglion block on the 


component of murmur. 
right side in Case 1 was observed to increase 
the neck murmur, particularly its diastolic 
portion. The sympathetic block could have 
accomplished this by vasodilation, especially 
in the extracranial tissues supplied by the 
patent right external carotid artery. 

The conversion of a systolic to a continu- 
ous femoral arterial murmur in Case 2 by leg 
exercise can be explained by the peripheral 
vasodilation induced by the exercise. In this 
case, the systolic murmur was produced by 
the eddying of blood flowing into the right 
femoral artery via collaterals. The right com- 
mon iliac artery was completely occluded. 
Exercise, by reducing the diastolic pressure 


in the femoral artery, augmented the dias- 
tolic pressure gradient between the collateral 


arteries and the femoral artery, and an in- 
creased, turbulent flow added the diastolic 
component to the systolic murmur. However, 
had the collaterals been adequate to provide 
a normal right femoral arterial diastolic pres- 
sure in the resting state, as might have been 
the case had the left common iliac artery been 
undiseased, exercise probably would not have 
caused any great fall in diastolic pressure and 
no diastolic bruit would have supervened. 
Lumbar sympathetic block would probably 
have had the same effect as did exercise in 
converting the systolic bruit of Case 2 to a 
continuous one. 

The resemblance between the murmur of 
an arteriovenous communication or a patent 
ductus arteriosus and the continuous murmur 
of severe partial arterial obstruction without 
adequate collateral bypass has been com- 
mented on by various observers (Table). 
Actually, the hemodynamic situation is simi- 
lar in all three conditions. Respectively, one 
is dealing with a sharp pressure gradient not 
only in systole but also in diastole to a com- 
municating vein, or to the low-pressure pul- 
monary artery, or to a distal systemic arterial 
segment poorly supplied by collaterals. It can 
be predicted that similar continuous murmurs 
will be observed in other clinical situations 
meeting -the above hemodynamic qualifica- 
tions. 
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SUMMARY 


A case of the aortic arch syndrome with a 
continuous bruit at the base of the neck an- 
teriorly is presented, and the eight previously 
observed cases of such bruits are reviewed. 
A similar murmur can be produced experi- 
mentally in dogs by partial arterial occlusion 
under circumstances where collateral arterial 


bypass is prohibited. In a patient with occlu- 


sive arterial disease, a systolic femoral artery 


murmur converted into a continuous 


murmur by local exercise. The mechanisms 


Was 


involved in these phenomena are discussed, 
and it is concluded that a continuous mur- 
mur can occur with partial! arterial occlusion 
under circumstances where collateral circu- 
lation is inadequate to provide a satisfac- 
tory diastolic pressure distal to the occlusion. 
The absence of adequate arterial collaterals 
usually means that all or most of the large 
arteries of the region involved are severely 
diseased. 
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The Effect in Man of Sitosterol Therapy on Serum Lipids and Lipoproteins 


BERNARD A. SACHS, M.D. 
and 
RAYMOND E. WESTON, M.D., Ph.D., New York 


The postulated relationship between die- 
tary intake of fats, serum cholesterol level, 
and the pathogenesis of atherosclerosis has 
been the basis for the prophylactic use of 
diets low in fat and cholesterol. The recent 
demonstration that orally administered plant 
sterols, without reduction of cholesterol and 
fat intake, can lower the serum cholesterol 
levels of animals * and man * has provided 


a new approach to this therapeutic problem. 


However, failures of treatment with plant 
sterols to affect serum cholesterol levels of 
human subjects also have been reported. 
Because of these discrepant observations, the 
preliminary results of the present study were 
withheld until the effects of the more pro- 
longed administration of a mixture of B- and 
dihydro-f-sitosterols on the serum choles- 
terol and lipoproteins of normal subjects and 
hypercholesteremic patients with disorders of 
lipid metabolism could be evaluated. 


MATERIAL AND METHODS 


EXPERIMENT A.—Five normal persons without 
demonstrable clinical disease and one patient with 
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Division, Montefiore Hos- 


familial hypercholesteremia were the subjects of 
a preliminary “double blindfold” experiment, dur- 
ing the course of which neither the patients nor 
the investigators were able to distinguish between 
the placebo and the active material. After a three- 
week control period, each subject was given 30 ml. 
of either a 10% sitosterol t suspension or a placebo 
mixture before each meal or any food taken be- 
tween meals for four weeks. During the following 
four-week period, the alternative suspension was 
given. Blood specimens were drawn in the morn- 
ing at weekly intervals during the preexperimental 
control, the eight-week experimental, and a final 
four-week postexperimental control period, with 
the patients in the postabsorptive state. 

The total daily dose of sitosterol on the usual 
three-meal schedule with 
3 gm. doses before any supplementary feeding. 
Four of the subjects average normal 
one (Subject 1) was on a strict low-fat and 


was 9 gm., additional 
were on 
diets ; 
low-cholesterol diet, and another (Subject 4) was 
on a moderately reduced intake of fat and choles- 
terol. 

In this series of patients, free and total choles- 
terol concentrations in the serum were determined 
by the Webb® modification of the 
Schoenheimer-Sperry method. Total cholesterol 
was also estimated by a modified Bloor procedure, 
performed on the lipid residue from the total! lipid, 
which determined gravimetrically.§ Lipid 
phosphorus was determined by a modification of 
procedure ?* on serum ex- 


Sperry and 


was 


the Fiske-Subbarow 
tracted with Bloor’s reagent. 

EXPERIMENT B.—In this later study, suspensions 
containing sitosterol in concentrations of either 
20%, 25%, 


“normal” subjects in Experiment A, to two patients 


or 30% were given to four of the five 


with coronary artery disease, and to three patients 
with hypercholesteremia, one familial, one idiopathic 
with eruptive xanthomata, and one associated with 
xanthoma planum, tuberosum, and tendinosum. As 

t The sitosterol suspension, a mixture of B- 
and dihydro-A-sitosterols, was kindly supplied by 
Drs. R. Shipley and K. G. Kohlstaedt, of the Eli 
Lilly Laboratories for Clinical Research, Indian- 
apolis. 

§ References 10 and 11. 





SITOSTEROL IN 


indicated in the Figures, the patients were main- 
tained on either normal or low-fat and low-choles- 
terol diets, which in some cases were deliberately 
changed during the period of observation. 

In these studies, Abell’s method 1% was used for 
total 


the determination of cholesterol. 


Serum lipoproteins of the individual patients 
were determined on either pooled or single samples 
at intervals during the study in an analytical ultra- 
centrifuge || at a solvent density of 1.063. 

EXPERIMENT C.J—The total lipid, lipid phos- 
phorus, and cholesterol content of serum and bile 
of a 73-year-old woman with biliary cirrhosis # 
and a postoperative incomplete bile fistula were 
studied during a five-week control period, a four- 
week period on a daily intake of 18 gm. of sitosterol, 
and an eight-week post-therapy control period. 
The volume of bile collected daily was approxi- 
mately 200 cc. and remained fairly constant. 

In all of these studies, the sitosterol was taken 
immediately prior to the ingestion of any food, 


except where otherwise indicated. 


RESULTS 
EXPERIMENT A,.*—All 
group of patients in Tables 1 and 2 are 


results for the 
expressed as average “mean percentage fall” 
and average “maximal percentage fall” to 
permit comparison with the published data 
of others. “Mean percentage fall’ is deter- 
mined by comparing the average control 
values with the average of the values during 
sitosterol therapy. Because the placebo prep- 
aration produced no significant changes in 
serum cholesterol or total lipid concentra- 
tions, the values during placebo periods were 
later included in calculating the “control” 
values whenever placebo administration pre- 
ceded sitosterol therapy. The “maximal per- 
centage fall” is calculated by comparing the 
average control values with the lowest value 


|| Ultracentrifugal analyses were performed by 
Drs. H. Fisher and Davisson, of the Eli Lilly Re- 
search Laboratories, Indianapolis. 

| This study was made possible by the coopera- 
tion of Dr. Sidney Fink, Fellow of the Damon 
Runyan Memorial Fund, Neoplastic Division, 
Montefiore Hospital. 

# This diagnosis was established at a later date, 
by postmortem examination. 

* One of the normal asymptomatic young men 


in this group had a serum total cholesterol level 
above 300 mg/100 ml. 


HYPERCHOLESTEREMIA 


TABLE 1.—Experiment A: Effect of Sitosterol on 
Total Cholesterol, Cholesterol Esters, 
and Total Lipid Concentrations 


Serum 


Sitosterol Period 

Control ———_“_ 
Period, Mean Minimum 
Mean, Conc., Conce., 
Mg./100 Mg./100 Mg./100 


Subject Ce Ce. Ce. 


Per Cent Decrease 


oe = — 
Mean Maximum 


Total cholesterol 
192 178 168 
197 182 171 
257 198 186 
331 326 313 
281 213 194 
348 878 341 
Averages* 251.6 219.4 
Cholesterol esters 
143 
147 
196 
248 
214 
236 


189.6 


wre 
mommy 
w= S to 


i) 


Averages* 
Total lipid 
884 700 
784 72 625 
1063 5 675 
1113 1000 
5 1088 5 781 
6 2625 eee 
Averages* 976.4 756.2 
* Averages do not include data on Subject 6, who took 
sitosterol irregularly. 


obtained during the periods of sitosterol 


ingestion. 

The average mean percentage fall in total 
cholesterol for the group was 12.7% (range, 
1.5% to 24.2%) and the average maximal 
percentage fall was 17.9% (range, 5.4% to 
31.0% (Table 1). 


centage fall in cholesterol esters was 11.8% 


The average mean per- 


(range, 2.0% to 24.3%), and the average 
maximal percentage fall, 18.0% 
11.4% to 32.2%). In this group, the aver- 
age mean percentage fall in total lipid was 
11.6% fall 
22.5%. These averages include the data on 
a “normal” subject (Subject 4), with control 
serum cholesterol of 331 mg/100 ml., who 


(range, 


and the average maximal was 


at first exhibited a slight lowering of serum 
cholesterol level while taking sitosterol. How- 
ever, in contrast to the other subjects, during 
this study he frequently ingested his sitos- 
terol 30 to 60 minutes before eating, and his 
serum cholesterol gradually rose to control 
levels. The data in the subject with familial 
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TABLE 2.—Serum Cholesterol Concentrations in Normal Subjects and Patients with Abnormal 








Control 
Period 
Mean, 
Mg./100 
Ce. 


192 


Sitosterol 
Daily 
Dose, 
Gm.t Diet 

Low fat, low 

cholesterol 

Low fat, low 

cholesterol 

Intermittent high 

fat, high cholesterol 

Pooled values; diet 

not considered 

Regular 

Regular 

Regular 

Regular 

Moderate, low fat, 

low cholesterol 

Moderate, low fat, 

low cholesterol 

Regular 

Moderate low fat, 

low cholesterol 

Regular 

Low fat, low 

cholesterol 


Moderate low fat, 
low cholesterol 


Low fat, low 
cholesterol 

Ad libitum diet 
Pooled values; diet 
not considered 
Low fat, low 
cholesterol 


Subject* 
1A eo) 


Group 
Normals 


1B 9 


Lipid 
disorder 


Coronary 
artery 


disease 





*A and B refer to Experiments A and B; see text. 


+ Total daily antecibal dose. Additional doses were taken with 


and During Sitosterol Therapy 


Serum Total Cholesterol Concentration 
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Sitosterol Period 


— 


Concentration 


P Value 
for Mean 
Decrease 


0.1 


Mean, Minimum, Per Cent Decrease 
Mg./100 Mg./100 — 
Ce. Ce. Maximum 


12.5 


Mean 
178 168 7.3 


163 15.9 16.4 <0.01 


168 0.05-0.10 


0.01-0.02 
0.05-0.10 
<0.01 


<0.01 
<0.001 


163 
171 
148 
186 
169 
313 


204 


4.2 
(—8.6) 


194 
341 


20.3 


283 (—3.8) 


2391] (—30.1) 


181 





“snacks.” 


} Time interval of one-half to three-quarters of an hour between taking sitosterol and eating. 


§ Sitosterol taken irregularly. 


| One control value was lower than the maximal sitosterol decrease. 


hypercholesteremia (Subject 6), who failed 
to take his medication regularly and exhibited 
a rise while on sitosterol, were not included 
in these averages. 

When the subjects were taking either 
placebo or no medication, cholesterol levels 
rose promptly to control values. Post-sitos- 
terol placebo values were not obtained on 
Subject 5, who developed viral hepatitis dur- 
ing the study. Subject 1, who was on a rigid 
low-fat and low-cholesterol diet, exhibited a 
response which was not qualitatively differ- 
ent from the others. 

Total cholesterol determined by Bloor’s 
method paralleled, but was 20 to 40 mg/100 
ml. higher than, that determined by the 
method of Sperry and Webb (Fig. 1). 
However, in Subject 4, whose serum choles- 
terol was elevated, cholesterol levels deter- 
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mined by Bloor’s method fluctuated relative 
to the Sperry and Webb determinations. 

EXPERIMENT B.—In this series longer- 
term studies were carried out in four of the 
five subjects of the “doubie blindfold” Ex- 
periment A (Group 1), in three subjects 
with disorders of endogenous lipid metabo- 
lism (Group 2), and in two patients with 
coronary artery disease (Group 3). The 
sitosterol preparations administered were 
more concentrated (20%, 25%, or 30%), 
and the daily dose varied from 9 to 45 gm. 
a day. 

Group 1: In these normal subjects the 
average mean and maximal percentage falls 
in serum cholesterol were 13.4% (range, 
8.7% to 17.5%) and 24.6% (range, 16.4% 
to 32.2%), respectively (Table 2). 
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Fig. 1 (“Double blindfold” Experiment A; left to right, top: Subject 1, Subject 5, Subject 3; 
bottom: Subject 2, Subject 4).—Effect of placebo or sitosterol administration on serum choles- 
terol concentrations of five normal subjects. It should be noted that Subject 4 failed to take his 
sitosterol immediately prior to eating. 


Fig. 2 (Experiment B; Subject 4 (left), Subject 3).—Effect of sitosterol administration on 
serum cholesterol concentrations of two normal subjects. In this study Subject 4 took sitosterol 
immediately before each meal. 


CHOLESTEROL 
N 
2. es 


x 
s 











| S/TOSTEROL | f gf SITOSTERL | 


‘4 1 shea 1 AL. 


4 i 








L L i 
40 80 80 120 4/60 
re ae FER ae 





ARCHIVES OF INTERNAL MEDICINE 


280 sz0_| |_+0 se 
I NTE ge 














CHOLES TEROL-MG.% 
2 y 3.4 


~ 
8 





a 





teas 


a a 











Fig. 3 (Experiment B; Subject 1 (top), Subject 2) —Effect of sitosterol administration on 


? 


serum cholesterol concentrations of two normal subjects. Subject 2 was on a regular diet. Sub- 
ject 1 varied his diet as indicated. “HI” indicates high fat and cholesterol intake. 


In Subject 3 the cholesterol again dropped, 
to levels which were maintained for three 
months, and rose promptly to control levels 
after cessation of therapy. In this study, 
Subject 4 invariably took sitosterol just prior 
to eating and exhibited a striking maximal 
When the sitos- 
choles- 


percentage fall of 32.2%. 
terol was discontinued, his serum 
terol gradually returned to the control level 
(Fig. 2). 

Subject 1 varied his dietary cholesterol 
intake during this six-month period of con- 
therapy, which again 


tinuous _ sitosterol 


lowered his serum cholesterol (Fig. 3). 
A change from his normal low-fat and low- 
cholesterol diet to five days of a high-fat and 
high-cholesterol regimen was associated with 
increase in serum cholesterol level, with sub- 
sequent return to the lower values only after 
some fluctuation. Addition of two eggs a day 
to his diet for one month did not significantly 
change the serum cholesterol level, but an 


ad libitum diet apparently produced a tran- 
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sient rise. On the low-fat and low-cholesterol 
diet his mean fall-in- serum cholesterol was 
15.9%, as contrasted to a mean fall of 8.7% 
on the varied diet. 

Subject 2 showed a 23.7% fall in choles- 
terol while on sitosterol and then, while con- 
tinuing sitosterol, maintained a slightly higher 
level, which averaged 13.9% below his con- 
trol value (Fig. 3). 

Group 2: Subject 7 had bright yellow 
xanthelasma, discoid ncdules in the subcuta- 
neous tissues of both elbows, and tendon 
xanthoma on both Achilles tendons. 


the study, the elbow lesions had been surgi- 


Prior to 


cally removed on many occasions but re- 
curred promptly. During sitosterol therapy 
her serum cholesterol fell 31.5%, from a con- 
trol average of 527 mg/100 ml. to a mini- 
mum of 361 mg/100 ml. (Fig. 4). Increasing 
the sitosterol dosage to 45 gm. a day failed 
to produce further lowering of the serum 
cholesterol level. In an attempt to further 
influence the serum cholesterol before the 
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Fig. 4 (Experiment B; Subject 7).—Effect of sitosterol administration on serum cholesterol 
concentration of a patient with xanthoma tendinosum, xanthoma tuberosum, and xanthelasma. 
During sitosterol administration xanthomata stopped growing, but they grew rapidly when sitos- 


terol was discontinued. 


sitosterol study was terminated, soybean 
lecithin in the form of granules + was added 
Although the serum 


from 


to the patient’s diet. 
cholesterol level subsequently fell 
406 mg/100 ml. to 374 mg/100 ml., this fall 
cannot be definitely attributed to the added 
lecithin. During sitosterol therapy, the xan- 
thoma tuberosum lesion on the left elbow 
failed to grow, but it promptly enlarged 
again when sitosterol was discontinued, 
until three months later a threefold increase 


in size was noted. 


When Subject 8, an obese woman with 
hypercholesteremia and eruptive xanthoma, 
was placed on sitosterol, her serum choles- 


ae em 


+ Supplied by Mr. J. Eichberg, of the American 
Lecithin Co., Inc. 


terol level initially fell from 399 mg/100 ml. 
to 334 mg/100 ml., but it subsequently 
increased progressively to 593 mg/100 ml. 
When, in addition to taking sitosterol, the 
patient lost 12 Ib. on a weight-reduction diet, 
her cholesterol level fell to 287 mg/100 ml., 
but later it fluctuated between 322 mg/100 
ml. and 546 mg/100 ml. There was a short 
hiatus in this subject’s sitosterol therapy 
(Fig. 5). 

The cholesterol levels of the subject with 
familial hypercholesteremia (Subject 9, fluc- 
tuated widely throughout the study. His cho- 
lesterol level increased markedly despite a 
sitosterol dose of 36 gm. a day and a 
moderately low-fat and low-cholesterol diet 
(Fig. 6). Total lipid lipid 


and phos- 
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Fig. 5 (Experiment B; Subject 8).—Effect of sitosterol administration on serum cholesterol 
concentration of subject with hypercholesteremia and eruptive xanthomata. 


phorus values increased in a similar fashion On a similar low-fat and low-cholesterol 


(Table 3). diet, the serum cholesterol of Subject 10 


Group 3: During the placebo control period _ fell from a previous level of 350 mg/100 ml. 
on a low-fat and low-cholesterol diet, the and averaged 222 mg/100 ml. during the 
serum cholesterol of Subject 11 initially fell placebo control period. During administra- 
from 267 to 204 mg/100 ml. (24%) but rose tion of sitosterol the mean fall in serum 
gradually to 235 mg/100 ml. before sitosterol cholesterol was 10.8% and the maximal fall 
was begun. When he was taking 12 gm. of was 18.5%. After approximately six months 


sitosterol per day, his serum cholesterol level on a daily sitosterol intake of 9 to 12 gm. 
fluctuated and tended to rise above the ini- the patient was placed on an ad libitum 
tial control value (Fig. 7). diet. His cholesterol level initially rose to 
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Fig. 6 (Experiment B; Subject 9).—Effect of sitosterol administration on serum cholesterol 
concentration of subject with familial hypercholesteremia. 


229 mg/100 ml., subsequently fell to 178 mg 
100 ml., and then rose to 228 mg/100 ml. 
On the ad libitum diet his average serum 
cholesterol level was 209 mg/100 ml. while 
he was on sitosterol therapy, but later it rose 
to 273 mg/100 ml. when the sitosterol was 
discontinued (Fig. 8). Like Subject 1, of 
Group 1, Subject 10 exhibited a statistically 
more significant decrease in serum cholesterol 


level on the low-fat and low-cholesterol diet 
than on the more varied dietary regimen. 


EXPERIMENT C.—Total lipid, lipid phos- 


phorus, and cholesterol in both bile and 
serum (Table 4) of the Subject with biliary 
cirrhosis and postoperative biliary fistula 


was determined. Her control serum choles- 
terol values were extremely low and did not 
change during sitosterol therapy. There was 
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TABLE 3.—Effect of Sitosterol on Serum Lipids 
in Patient with Familial Hypercholesteremia 
Lipid 
Total Phos- Cholesterol, 
Lipid, phorus,* Mg./100 Ce. 
Mg./100 Mg./100 ————_——""_——_, 
Date Ce. Ce. Bloor Abell 
Control period (600-1,000)t (6-12)t (150-300)t (i50-250)t 
12/27/54 2697 17.9 321 333 
1/ 3/55 2172 20.0 327 340 
1/10/55 1338 12.7 302 219 
Sitosterol period 
1/17/55 2664 19.3 255 239 
1/31/55 2318 15.6 252 260 
2/ 7/55 2940 18.8 326 
2/21/55 2818 19.7 2 359 
3/ 7/55 2460 17.5 308 
3/21/55 244 : 395 
4/11/55 19.6 
4/25/55 23.6 
5/ 9/55 23.6 
5/28/65 30.2 
6/ 8/55 29.0 
6/27/55 28.0 
7/11/55 29.6 
7/25/55 25.6 
9/19/55 2 33.2 . 
10/ 3/55 35.1 56 5 DAYS 


CHOLESTEROL 








Fig. 7 (Experiment B; Subject 11).—Effect of ad- 
ministration of placebo or sitosterol on serum 
cholesterol concentration in subject with coronary 
artery disease. 


* These values may be converted to “phospholipid” by 
multiplying by 25. 
+ Normal range. 


Fig. 8 (Experiment B; Subject 10).—Effect of administration of placebo and sitosterol on 
serum cholesterol concentration of subject with coronary artery disease who was changed to 
an ad libitum diet during the study. 
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TABLE 4.—Effect of Oral Sitosterol on Bile and Serum Lipids in a Patient with Biliary Cirrhosis 
and a Postoperative Biliary Fistula 


Period 
Control 


Sitosterol 


Control 


Lipid 
Total Lipid, Phosphorus, Cholesterol, 
Mg./100 Ce. Mg./100 Ce. Mg./100 Ce. 

35.4 8.3 

29.2 one 6.3 

27.1 

21.9 

26.5 

28.0 

48.5 

62.5 

42.2 

28.0 


32.8 


— 


m— 


Total Lipid, 
Mg./i00 Ce. Mg 


Serum 


Lipid 
100 Ce. 

687 7.7 

475 6.4 

462 

637 

563 

634 

687 

713 


681 


Phosphorus, 


53.1 


37.5 


a 


Cholesterol, 
Mg./100 Ce. 


147 
136 
129 
147 


TABLE 5.—Effect of Sitosterol on Lipoproteins: Comparison of Serum Cholesterol Values with 


Subject Diet* 
L.F./L.C. 
L.F./L.C. 
H.F./H.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C.+eggs 
Ad libitum 
L.F./L.C. 
L.F./L.C. 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
Ad libitum 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 
L.F./L.C. 


Group 
Normal 1 


Lipid 
disorder 


Coronary 
artery 
disease 


Ultracentrifuge Data 


rc 
Cholesterol, Sr 3-10, 
(150-250) t 


Periods 
Control No. 1 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Control No. 2 
Control No. § 
Control No. 
Sitosterol 
Sitosterol 
Control No. : 
Control No. ¢ 
Control No. 
Sistosterol 
Control No. 2 
Control No. 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Control No. 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Sitosterol 
Control No. 1 
Control No. 1 
Control No. 1 
Sitosterol 
Sitosterol 


187 
163 
192 
168 
172 
175 
178 
195 
192 
189 
148 
170 


*L.F./L.C., low fat, low cholesterol; H.F./H.C., high fat, high cholesterol. 
+t Normal range. 
t Pooled sera. 


Ultracentrifuge Values 





(0.1-0.4)t 


0.18 
0.23 
0.32 
0.29 
0.29 
0.35 
0.41 
0.37 
0.34 
0.27 
0.27 
0.26 
0.32 
0.28 
0.48 
0.27 
0.41 
0.69 
0.69 
0.64 
0.55 
0.65 
0.21 
9.18 
0.26 
0.25 
0.23 
0.23 


Sr 10-30, 
(0-0.1)t 


0.04 
0.07 
0.02 
0.01 
0.04 
0.03 
0.03 
0.02 
0.06 
0.03 
0.03 
0.01 
0.04 
0.04 
0.04 
0.004 
0.05 
0.25 
0.25 
0.12 
0.07 
0.13 
0.02 
0.01 
0.003 
0.06 
0.05 
0.04 
0.04 
0.06 


—, 
Sr 30-100, 
(0.01-0.02) t 
Mg./100 Ce. Gm./100 Ce. Gm./100 Ce. Gm./100 Ce. 


0.06% 
0.03% 
0.02 
0.05 
0.06 
0.06% 
0.05 
0.07 
0.13 
0.002% 
0.05 
0 
0.06 
0.05 
0.06% 
0.02 
0.04 
0.18 
0.18 
0.05 
0.09 
0.04 
ot 
0.01f 
0 
0.07 
0.02 
0 
0.05 
0.04 
0.04 
0.09 
0.23 
0.20 
0.16 
0.12 
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an increase in serum lipid phosphorus during 
sitosterol therapy. All of the lipid values in 
3y the end of the 


bile were extremely low. 
period of sitosterol administration, a rise in 


bile cholesterol was noted. 


Ultracentrifuge Studies—Group 1: Dur- 
ing sitosterol administration, Subject 3 
showed a consistent fall in all S¢ fractions, 
which again increased when therapy was dis- 
continued. In this patient, these changes 
paralleled the serum cholesterol response to 
sitosterol (Table 5). 

Following an initial rise, the S- 10-30 
values in Subject 1, which were all within 
the normal range, fell during sitosterol treat- 
ment. The S,- 30-100 fraction, which was 
initially elevated, fell promptly to normal but 
later increased to the control value during 
When the sitosterol 
was discontinued, the S- 10-30 
30-100 The Sr 
values progressively increased during this 
study, but it should be noted that fat intake 


treatment. 
both 


sitosterol 
and 
3-10 


fractions increased. 


was intermittently increased. 

While on sitosterol, Subject 2 exhibited a 
fall in S- 10-30 values, which rose above 
control levels the 
stopped. On sitosterol the S- 30-100 values 


when medication was 
first increased and then decreased, and they 
rose again when therapy was discontinued. 
The S-, 3-10 fraction remained unchanged 
except for a slight increase after sitosterol 
was stopped. 

Group 2: All fractions were well above 
normal in Subject 7, with xanthomatosis, on 
whose serum the first ultracentrifugal analy- 
sis was not performed until 10 weeks after 
the onset of sitosterol therapy. As sitosterol 
was continued, all fractions decreased, the 
S_ 10-30 values falling to normal range, 
despite the fact that the serum cholesterol 
remained elevated. 


Group 3: In Subject 11, shortly after the 
onset of sitosterol therapy, the S; 10-30 
values first increased above and then fell to 
the normal range. S; 30-100 values initially 
increased and later decreased during the 
placebo control period, and they fell further 
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during sitosterol treatment. The S- 3-10 
fraction fluctuated within the normal range. 
Subject 10 exhibited wide fluctuations in all 
fractions during the study and showed no 
definite trend. 

COMMENT 


Oral administration of plant products such 
as eggplant, artichoke,’* and soybean leci- 
thin '* has previously been reported to lower 
serum the 
effects of plant sterol therapy in man was 
not studied until after Peterson ** reported 
that soybean lipid, which contains sitosterol, 


cholesterol levels. However, 


prevented hypercholesteremia and athero- 


sclerosis in cholesterol-fed chickens. Siper- 
stein, Nichols, and Chaikoff '* demonstrated 
that dihydrocholesterol had a similar effect, 
and Pollak = reported that a plant sterol 
mixture, containing 75% to 80% of sitos- 
terols, could lower the serum cholesterol of 


rabbits and man. 


In his human subjects, who received 5 to 
10 gm. of sitosterol daily, Pollak observed 
that the lower the original blood cholesterol 
the lesser the response to sitosterol, until, at 
blood cholesterol levels below 200 mg/100 
ml., no sitosterol effect was noted. In con- 
trast, in the present studies lowering of the 
levels was uniformly 


serum cholesterol 


achieved in normal subjects, some with 
serum cholesterol levels below 200 mg/100 
ml., whereas in some hypercholesteremic sub- 
jects satisfactory decreases could not be 
obtained. However, in the subject with the 
bile fistula and hypocholesteremia, no sitos- 
terol effect was observed. It should be noted 


that Pollak 
which presumably 


used a crude soy sitosterol, 


is largely y-sitosterol, 
whereas in the present studies a mixture of 
B- and dihydro-B-sitosterol was employed. 
3est * found that human subjects on an 
unrestricted diet, when given the present 
sitosterol preparation, exhibited a mean fall 
in total cholesterol of 12.8% (range, 6.7% to 
20% ), as compared with our mean fall of 
13% (range, 1.5% to 24.2%) for all of the 
normal subjects. In a more recent study by 


ec 


t References 1 and 2. 
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Best,* 2 
fall of 6.8% and 12 hypercholestermic pa- 


normal subjects exhibited a mean 


tients experienced a mean fall of 16.0%. It 
that fall” 
values, which include values taken early in 


should be emphasized “mean 
the course of therapy while cholesterol levels 
were still falling, tend to minimize the effect 
of sitosterol. The graphs (Figs. 1 to 8) give 
a more complete picture of the sitosterol 
effect on serum cholesterol. 


In eight subjects with serum cholesterol 
levels ranging from 250 to 330 mg/100 mi., 
who were given f-sitosterol and soy sterols, 
Lesesne, Castor, and Hoobler® also ob- 
served sustained reductions in blood choles- 
terol levels. Although we observed significant 
serum cholesterol falls on sitosterol intake of 
only 9 gm. a day, Joyner and Kuo ® observed 
that only doses greater than 10 gm. a day 
were effective and that the degree of decrease 
cholesterol correlated well with 
Like Pollak, they noted 


the greatest effect in patients with the high- 


in serum 


sitosterol dosage. 


est cholesterol values. 
Wilkinson § 
tained or marked reduction in serum lipopro- 


In contrast, found no sus- 
teins or cholesterol of patients given sitos- 
terol and concluded that the preparation 
administered was completely ineffective. In 
a more recent British study *? 9 gm. of sitos- 
terol a day also failed to produce significant 
lowering of cholesterol in 26 subjects. The 
authors, however, indicated in a footnote that 
in later studies higher doses of sitosterol 
were effective. 

Although it is widely accepted that plant 
sterols are not absorbed from the intestinal 
this conclusion, 


tract of human 


as Pollak has noted, is based on a single 


beings, 


study,'® which revealed unsaturated sterols 


in the feces of one person who received 


peanut oil sterols for two days. However, 
found that plant 


are not absorbed in experimental animals. 


) 


Schoenheimer *‘ sterols 
Because cholesterol methods give color devel- 
opment with £-sitosterol, studying the fate 
of ingested sitosterol by ordinary chemical 
difficult. Gould *' fed 


methods is very 


§ References 7 and 8. 
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tritium-labeled sitosterol to rats and humans 
and found that although a very small percent- 
age of ingested sitosterol is absorbed it dis- 
appears from the blood in man much more 
rapidly than does labeled cholesterol, suggest- 
ing that rapid excretion of sitosterol may also 
prevent its accumulation in the body. The 
rat experiments showed that tritium-labeled 
sitosterol is absorbed to a lower degree than 
tritium-labeled cholesterol. 


Pollak has suggested that sitosterol acts 
to prevent the absorption of cholesterol by 
forming an admixture of nonresorbable crys- 
tals.‘ Hernandez and co-workers ** proposed 
that the interference with the esterification 
of cholesterol which they observed in rats 
given sitosterol may be responsible for the 
reduced absorption. It is conceivable that both 
mechanisms may be operative. Sitosterol, 
therefore, may act by preventing absorption 
of dietary cholesterol and the reabsorption 
of bile cholesterol. 

Fats of vegetable origin contain no choles- 
terol. However, giving vegetable fat to sub- 
jects whose serum cholesterol levels have 
been depressed by dietary fat restriction 
causes an abrupt, marked increase in serum 
cholesterol levels.** Because of this and the 
fact that 
origin, cause an elevation of serum lipids,” 


diets rich in fat, regardless of 
it has been suggested that all fats may con- 
tribute to the acetate pool from which choles- 
terol is formed. On the other hand, Kinsell *° 
has demonstrated that the administration of 
diets containing large amounts of vegetable 
fat and no animal fat results in a fall in 


plasma cholesterol and phospholipid of 


human subjects. Moreover, Ahrens ** has 
recently noted that the greater the unsatura- 


tion of the vegetable fat fed the greater the 


fall in the level of serum lipids. He observed 


the greatest fall following corn oil, the most 
unsaturated fat studied. 

It has been shown that serum cholesterol 
levels fall in patients on intakes low in fat 
and cholesterol, such as starvation diets ?’ 
or diets restricted to either protein hydroly- 
sates plus a carbohydrate mixture (Dextri- 
Maltose)** or rice and fruit.2® The mecha- 
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nism of serum cholesterol lowering during 
sitosterol administration differs, in that more 


than exogenous cholesterol may be removed. 


By preventing the reabsorption of bile cho- 
lesterol, endogenous cholesterol also may be 
removed. However, it is possible, particularly 
in subjects with abnormal lipid metabolism, 
that endogenous production may thereby be 
increased. For this reason the study of the 
patient with bile fistula is of great impor- 
Toward the the 
Table 4) her bile cholesterol appar- 


However, this is only sug- 


tance. end of sitosterol 
period ( 
ently increased. 
gestive of increased production, inasmuch as 
the normal spontaneous periodic variations 
in bile cholesterol content are not known. 
The problem of the effect of sitosterol on 
endogenous cholesterol production should be 
studied with isotopically labeled cholesterol. 

Despite the relatively low sitosterol intake 
and variable diets, all subjects who took 
sitosterol immediately before meals, in Ex- 
periment A, responded favorably. That the 
time of administration of the sitosterol in 
relation to meals is important was demon- 
strated by the data in Subject 4, who main- 
tained no significant reduction in his serum 
cholesterol when one-half to one hour elapsed 
before he ate after ingestion of sitosterol. In 
the second study the sitosterol was taken 
immediately prior to meals, and he exhibited 
a striking fall in serum cholesterol. 


In the subject with xanthomatosis, sitos- 
terol administration unequivocally suppressed 
the growth of xanthomata, although the 
serum cholesterol did not fall to normal lev- 
els. After sitosterol was discontinued, rapid 
growth of the xanthomata occurred, despite 
the fact that the very high (greater than 500 
mg/100 ml.) presitosterol serum cholesterol 
levels were not reached. The poor results in 
the other two subjects with lipid disorders, 
who ingested sitosterol regularly before each 
meal, suggest either that a transient fall in 
serum cholesterol level during sitosterol ther- 


“ 


apy may be followed by an endogenous “re- 
bound phenomenon” or that the reduction of 
available exogenous cholesterol may stimu- 


late endogenous production sufficiently to 
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raise the serum cholesterol level toward con- 
trol values. Such increased endogenous cho- 
lesterol production, in response to either of 
these stimuli, may explain the failure of some 
normal subjects (Subjects 2, 3, and 4, Figs. 
2 and 3) to fall 
serum cholesterol level, despite continued or 
These hy- 


maintain the maximal in 


increased dosages of sitosterol. 
potheses are not inconsistent with Gould’s *° 
observations that endogenous production of 
cholesterol in dogs is depressed by feeding 
cholesterol and stimulated by withholding 
cholesterol. 

Another possible explanation for the rise 
in serum cholesterol level during sitosterol 
therapy in subjects with lipid disorders is 
that some sitosterol which is absorbed and 
not readily removed from the circulation is 
being analyzed as serum cholesterol. How- 
ever, supplementary data obtained on Sub- 
ject 9 do not support this hypothesis. After 
sudden withdrawal of sitosterol, his markedly 
serum cholesterol did 
The failure of sitosterol to lower 


elevated level not 
decrease. 
serum cholesterol in one subject with sus- 
pected coronary artery disease remains unex- 
plained. 

Results of ultracentrifugal analyses re- 
that 
produce a fall in lipoprotein values. This 
was most striking in the subject with xan- 
thomatosis (Subject 7), whose S- 10-30 
values fell to the normal range at a time when 


vealed sitosterol administration may 


her serum cholesterol was still elevated. Best * 
found the effect on lipoproteins of sitosterol 
administration was less consistent than the 
reduction in serum cholesterol. The optimum 
dosage for maximal sitosterol effect on serum 
cholesterol and lipoproteins has not 
determined. In the dosages (9 to 45 
used in the present investigation, the 
consistent cholesterol falls were found 
normal subjects. Most of the subjects with 
disorders of lipid metabolism showed no 
benefit, and in some the lipids became more 
elevated. Further studies, particularly in per- 
sons with coronary artery disease, are neces- 
sary to establish the clinical significance of 
the reported consistent reduction in serum 
cholesterol observed in the normal group. 


been 
gm. ) 
most 
in 
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SUMMARY 

The effect of an orally administered mix- 
ture of B- and dihydro--sitosterols on the 
serum lipids of human subjects was inves- 
tigated. 

Nine studies, including double-blindfold 
experiments, on five normal subjects revealed 
an average mean fall of 13.0% and an aver- 
age maximal fall of 20.9% in serum choles- 


terol level during sitosterol therapy. 


One subject with xanthomatosis exhibited 


a mean fall of 20.3% and a maximal fall of 
31.5% in serum cholesterol. Although her 
cholesterol level did not decrease to norma! 
values, her S- 10-30 lipoprotein fraction did. 
The xanthomata stopped growing during 
sitosterol therapy but again grew rapidly 
when sitosterol was discontinued. 

When sitosterol was administered, there 
was a rise in bile cholesterol concentration of 
a subject with biliary cirrhosis and a bile 
fistula. The significance of this observation 
cannot be evaluated, because the spontaneous 
bile cholesterol over 


fluctuations in pro- 


longed periods of time are not known. 

Subjects failing to take sitosterol immedi- 
ately prior to eating did not exhibit sus- 
tained reductions in serum cholesterol levels. 

In some patients with disorders of lipid 
metabolism, a rise in serum cholesterol levels 
was noted during sistosterol administration. 
It is suggested that in these subjects either 
decreased absorption of cholesterol may 
stimulate increased endogenous production or 
small amounts of sitosterol may be absorbed, 
poorly removed from the circulation, and 
spuriously analyzed as cholesterol in the 
serum. 

One of two patients with coronary artery 
disease exhibited a significant fall in serum 
cholesterol level, which subsequently rose 
after sitosterol was discontinued. 


It is suggested that additional studies are 
necessary to establish the clinical significance 
of the reported reductions in serum choles- 
terol during sitosterol therapy. 


Miss A. Solomon, Miss E. Danielson, and Mr. 
P. Cady gave technical assistance. 
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pe Cascais on Ube of War arin 
Nad in Anticoagulant Therapy 


DALLAS V. CLATANOFF, M.D. 
and 
OVID O. MEYER, M.D., Madison, Wis. 


Recent reports * have indicated that thera- 
peutic hypoprothrombinemia may be pro- 
duced and maintained safely and effectively 
by the administration of the 4-hydroxycou- 
marin compound, warfarin sodium.j The 


rapidity of onset and duration of action of 


warfarin sodium has suggested that perhaps 
in instances where prolonged anticoagulant 
therapy is anticipated warfarin sodium could 
be administered with less frequency in some- 
what larger doses, obviating the necessity for 
This 


would appear to be a distinct advantage if, 


a daily prothrombin determination. 
after a period of careful observation, a dose 
could be administered every three or four 
days that might be predicted with a reason- 
able degree of accuracy to maintain the pro- 
thrombin concentration in an _ acceptable 
therapeutic range. Concomitant with good 
predictability a lessening of the frequency for 
prothrombin determinations would be real- 


ized, with resultant economy. 
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+ Supplied as Coumadin sodium in 25 mg. scored 
oral tablets and in aqueous solution containing 7.5 
mg. per milliliter for intravenous administration, 
through the courtesy of Dr. Samuel Gordon, Endo 


Products, Inc., Richmond Hill, N. Y. 


Our clinical studies were directed by this 
premise, and presentation of these observa- 
tions is given, together with a comparison of 
the data with observations of maintenance 
therapy administered on a daily basis, from 
a previous report.® 


MATERIALS AND METHODS 
Sixty-one patients in the University Hospitals, 
Madison, Wis., received anticoagulant therapy with 
warfarin sodium, usually administered orally but 
occasionally intravenously initially when the oral 
Indications for 


medication could not be tolerated. 


use were various thromboembolic disorders and, in 
several instances, the need for prophylaxis in vascu- 
lar surgery. Ages of the patients ranged from 26 
to 77 years in 45 men and 16 women. 
Determinations of prothrombin concentration were 
performed in 100% plasma by the one-stage method 
of Quick,® with use of Difco thromboplastin (rabbit 
Prothrombin studies were performed each 
Control 


brain ) 
morning at approximately the same time. 
prothrombin times were usually 12 seconds, rarely 
11 and 13 seconds, which was taken to represent 
100% 


and the 


Results were reported in seconds 
With a 


25 seconds 


of normal. 


percentage of normal. 12-second 


control, prothrombin values between 
(20% of normal) and 17 seconds (40% of normal) 
were accepted as a probable satisfactory thera- 
peutic range. 

The initial dose of warfarin sodium, whether oral 
or intravenous, was 1 mg. per kilogram of body 
weight, except in patients who were severely ill or 
had recently undergone operation, in whom the 
dosage was reduced by 25% to 50% of that calcu- 
lated ; 
employed. 


Maintenance doses of warfarin sodium varied from 


occasionally a slightly greater reduction was 


12.5 to 62.5 mg. on the interrupted schedule, usually 
every third or fourth day; on a day-to-day basis 
the maintenance dose varied from 6 to 37.5 mg., 
either daily or every other day. 
Phytonadione U.S.P. (vitamin K;,; 
2-methyl-3-phytyl-1,4-naphthoquinone, 
used intravenously in 10 to 50 mg. doses whenever 


Mephyton), 
again was 
it was desirable to improve the prothrombin level 
rapidly. The results were excellent and were com- 
parable to those reported previously + with this drug. 
a 

7 References 1-4. 
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RESULTS 

Thirty-seven (Table 1) of the sixty-one 
patients were followed long enough to give 
adequate data for maintenance therapy on 
the intermittent schedule, i. e., for periods 
from 12 to 53 days. An additional 10 patients 
(Table 1) had the initial dosage plus one or 
two interrupted maintenance doses before 
therapy was discontinued but had not re- 
ceived the maintenance dose long enough to 


TABLE 1.—Summary of Data of Patients on Interrupted Mawmtenance 


Mainte- 
nance 
Doses, 

No 


Total 

Age, Days of 
_: & Therapy 
55 , 14 3 
66 ] 12 3 
%6 12 

64 ] 47 

41 

66 

61 

42 


53 
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37 
54 
72 


41 
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* Patients 38 through 47 
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received maintenance therapy 
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permit critical evaluation. Eight patients (not 
shown in the tables) received only an initial 
dose, after which therapy was discontinued 
for various reasons (none being complica- 
tions as a result of the anticoagulant ther- 
apy). Six patients (Table 2) treated early 
in the series received an initial dose and then 
smaller maintenance doses daily or every 
other day during therapy, in accordance with 


our previous report.® 


Therapy Schedule 


Comment on 
Maintenance Toxicity 
of Dose, Dose, 
Days Mg. * 
3 20 
3 20-25 


2-3 37.5-50 


Interval 


Postoperative bleeding 
into surgical wound 


Gross hematuria, 
epistaxis 


Postoperative bleeding 
into surgical wound 


J 
I $F Be & 


CRHONMHOHORHO RO ROE Www wowwo tr PF ¢ 
or) 
~T 
om $8 


Microscopic hematuria 


& 


for too short a time for critical evaluation. 





Daily 


TABLE 2.—Summary of Data of Patients on Maintenance Therapy Controlled 


Mainte- 
Total nance Interval Maintenance 

Days of Doses, of Dose, Dose, Comment on 
Therapy No, Days Mg. Toxicity 

43 33 1-2 6-12.5 

20 12 1-2 12.5-25 

7 3 2 25-37.5 

36 3 1-2 6-12.5 

61 36 1-2 

34 1-! 


6-25 


2 6-25 
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Therapeutic Range 
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DAYS 


Fig. 1.—Initiation of anticoagulant therapy and maintenance on an interrupted schedule with 
warfarin sodium orally in three cases, Patients 15 (top), 28 (bottom), and 31 (middle). 
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Hypoprothrombinemia in three typical pa- 
tients receiving warfarin sodium by the in- 
terrupted schedule is shown graphically in 
Figure 1. Patients 28 and 31 
period of more frequent observations in an 


had a short 


effort to determine the fluctuation of the pro- 
thrombin concentration during a three-day 
period when a single dose of the drug was 
administered. These results are shown in 
Figure 2, the corresponding period of time 
being marked by insets in Figure 1. The six 
patients (Table 2) 
doses of warfarin sodium depending upon the 


receiving maintenance 


daily prothrombin determination present data 
comparable to that in Figures 3 and 4 of a 
previous publication,* which depict the con- 


36 
32 
28 
24 
20 


IN SECONDS 
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days. One patient complained of diarrhea 
(one to three semiliquid stools) within 6 to 
12 hours after each administration of war- 
farin sodium on the interrupted schedule of 
every third day; this could not be attributed 
to any other factor and promptly subsided 
when another coumarin compound (cyclo- 
substituted. Diarrhea, as a 


cumarol) was 


side-effect, has not been previously observed. 


COMMENT 
There is a significantly greater daily fluc- 
tuation of prothrombin as determined by the 
one-stage method with use of an interrupted 
schedule of administration of warfarin sodium 
anticoagulant therapy 


during maintenance 


pe mm na an wn fm ww we ee een wfe w= 20%, 
Theropeutic 
Range 








Fig. 2 


(Case 31 [left] and Case 28 [right]).—Pattern of prothrombin levels when deter- 


mined every eight hours for a three-day period, corresponding to the insets in Figure 1. 


trol of hypoprothrombinemia in 2 of the 21 
patients presented in our original paper. 


Except for one instance, manifestations of 
toxicity were hemorrhagic in nature, four 
patients having hematuria (three microscopic 
and one gross hematuria, the latter associated 
with epistaxis) while on therapy for variable 
periods of time, which in all instances oc- 
curred when prothrombin levels were signifi- 
cantly less than 20% of normal, usually in 
the range of 10% of normal. Two additional 
patients that underwent vascular surgery in 
the leg and thigh were given anticoagulant 
therapy prophylactically with both heparin 
and warfarin sodium on the day of surgery, 
and both manifested bleeding into the wound 
area on the first and second postoperative 
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than when the drug is administered oftener, 
on the basis of each day’s prothrombin de- 
termination. The data in Figure 2 further 
emphasize this for the interrupted schedule. 
W have no data to indicate that any of the 
patients suffered ill effects from the return 
of prothrombin concentration toward normal 
in this fluctuation, and, also, there was no 
evidence of increased hemorrhagic tendency 
in these patients on the interrupted schedule, 
even though the prothrombin concentration 
occasionally approached, or slightly exceeded, 
a value of 42 seconds, or 10% of normal. 
While we can definitely state that an in- 
terrupted dosage schedule can be maintained 
with a fair degree of predictability, it seems 
desirable to have a lesser degree of fluctua- 





WARFARIN SODIUM 


tion, and we would favor maintaining the 
prothrombin concentration as near as possible 
to a range between 20% to 30% of normal. 
The daily or every-second-day administra- 
tion more nearly accomplishes this, and, usu- 
ally, after an individual pattern of suscepti- 


bility to anticoagulant action with warfarin 


sodium has been established, determinations 
can safely be reduced to at least a two- or 
three-day interval. 

It should be reemphasized that severely ill 
patients or those recently operated on are 
more likely to hyperreact to coumarin anti- 
coagulants, and the initial and early mainte- 
nance doses should be modified accordingly, 
using a smaller amount than usual. In this 
present series, 4 of the 61 patients could be 
classified in such a category of hyperreactiv- 
ity—all had either had operation two or three 
days previously or were severely ill from their 
thromboembolic or other disease—and not 
only was the prothrombin level excessively 
depressed from the initial dose but the dura- 
tion of depression from a single dose was 
prolonged. 

Proper maintenance doses varied widely 
with either oral or intravenous administra- 
tion, and, because of this individual variation, 
it is imperative that all patients have a pro- 
thrombin determination done daily for 8 to 
10 days at the outset to establish the indi- 
vidual response to warfarin sodium before a 
dosage schedule with less frequent prothrom- 
bin determinations is attempted. Maintenance 
dosage may need to be gradually increased 
during the course of therapy, and this has 
been done occasionally in some of our pa- 
tients (Fig. 1) who initially were very ill or 
who had mild liver alteration early in their 
illness. Possibly the increasing dosage re- 
quirement is evidence of improved hepatic 
function, e. g., after control of cardiac decom- 
pensation. The patients with normal liver 
function who were treated four to six weeks 
showed no increasing dosage requirement for 
warfarin sodium. 

Because of the instances of postoperative 
bleeding here reported and because the thera- 


peutic range of 20% to 40% is ordinarily 
achieved in 16 to 24 hours after initial ad- 
ministration of warfarin sodium, probably the 
first dose after operation should be admin- 
istered on the third postoperative day rather 
than on the second, which we have previously 
advised when bishydroxycoumarin ( Dicu- 
marol) was employed. Ample time would 
ordinarily then still be available to prevent 
postoperative thrombosis, which rarely occurs 
before the fifth day after operation. 


SUMMARY 


\n interrupted schedule of administering 
maintenance doses of warfarin sodium every 
third or fourth day has been tried and appears 
not to be satisfactory in view of the wide 
fluctuation of prothrombin levels. Adminis- 
tration of warfarin sodium guided by the 
day's prothrombin determination would seem 
to be the best method, and, if a pattern is 
established, the prothrombin determinations 
safely can be reduced in frequency. Individual 
dosage requirements vary widely, but for the 
majority, after an initial dose of 75 mg., 
daily or every-other-day doses of 12.5 mg. 
will satisfactorily maintain a proper hypo- 
prothrombinemia. 

Mrs. Florence E. Hass gave technical assistance 
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ill Glycosuria in 


alients 


GERALD T. PERKOFF, M.D. 
and 
FRANK H. TYLER, M.D., Salt Lake City 


Pregnancy in diabetic patients has been 
the subject of an extensive medical litera- 
ture in recent years. Numerous descriptions 
have been presented of the course of diabetes 
during pregnancy, the types of obstetric and 
metabolic complications encountered, and the 
incidence and effects of various fetal abnor- 
malities. Among the metabolic changes which 
can cause serious difficulty in the manage- 
ment of diabetes during pregnancy is renal 
glycosuria. Although numerous authors 
briefly mention the occurrence of renal glyco- 
suria during diabetic pregnancy,* none has 
described in detail the difficulties it causes, 
and, indeed, this is not mentioned in a re- 
cently published discussion of the manage- 
ment of diabetes and pregnancy."® 

Our attention has been called forcibly to 
this phenomenon by its observation in two 
patients in whom hypoglycemia and ketosis 
were serious problems during pregnancy. 

CLINICAL MATERIAL AND METHODS 

Ten pregnant diabetic patients, seen from 1949 to 
1955, comprise the clinical material for this report 
The patients were seen for the first time at various 
stages during pregnancy, either in the outpatient 
department of the Salt Lake County General Hospi- 


tal or as patients referred for consultation by mem- 


Submitted for publication Dec. 8, 1955. 
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* References 1-14, 


758 


reqn ant ektwhelic 


bers of the medical or obstetrical staffs of the hos- 
pital. Four of the ten patients were seen for the first 
time shortly before the termination of their preg- 
nancies. 

In five instances blood and urine glucose deter 
minations were made simultaneously in a specific 
attempt to establish the presence or absence of renal 
glycosuria. In the other cases, the hospital records 
were examined and a search was made for cases in 
which blood and urine sugar had been measured at 
the same time. 

Blood glucose Nelson- 
Somogyi method.'!® Qualitative urine sugar deter- 
minations were performed in the usual manner, 
of Benedict’s or Clinitest 


was estimated by the 


with the use solution 


tablets (Ames Company). 


CLINICAL OBSERVATIONS 

Five of the ten patients demonstrated dis- 
tinct renal glycosuria at some time during 
pregnancy. Three of the five were followed 
throughout pregnancy, and, in two of these, 
similar observations were made during each 
of two successive pregnancies. One patient 
miscarried at 18 weeks, and the data in this 
case are limited to those obtained at the time 
of spontaneous termination of pregnancy. In 
three patients the data were insufficient for 
establishing the presence of renal glycosuria, 
although this abnormality was probably pres- 
ent in each. In two subjects there was no evi- 
dence of abnormal renal handling of glucose. 
The Table summarizes the findings in the five 
patients with established renal glycosuria. 
The clinical histories of two of the patients 
followed through pregnancy are presented 
below. 

Case 1.—A 26-year-old secretary was admitted 
to the hospital on Oct. 15, 1949, because of vaginal 
bleeding of three weeks’ duration. The last men- 
strual period had occurred two and one-half months 
before admission. The patient had diabetes for 12 
years, and this condition was usually well controlled 
on regular insulin, 35 units, and protamine zinc 
insulin, 15 units, mixed in the same syringe. For 
two months she had noted frequent morning insulin 





DIABETES AND PREGNANCY 


Representative 

Simultaneous 
Determinations 
Observa-- A _ 

Duration tion 

of Period, 

Diabetes, Mo. of 
Age Yr. Gestation 


26 12 2-8 


Blood 
Glucose, 
Mg. 
100 Ce 


Urine 
Glucose 
4+ 
4-4. 
44 
444 
4 


4 
4+ 
4 
: 


At term 


reactions. Two previous pregnancies had ended in a 


stillborn term infant and an abortion at three 


months’ gestation, respectively. Physical examina- 
tion was normal but for the fact that the uterus 
was enlarged to the size of a 10-week pregnancy. 
Except for the blood and urine sugars, the labora- 
tory findings were within normal limits. Urine 
sugars were consistently 4+ during hospitalization, 
although initially hypoglycemic reactions were fre- 
On 


with an associated organic psychosis occurred. A 


quent one occasion a severe insulin reaction 
blood sugar level of 31 mg. per 100 ml. was found 
during this episode. In spite of the severely lowered 
blood sugar, a urine sample obtained at the time 
gave a 4+ reaction for glucose. Examination of the 
urine for the presence of lactose (by fermentation) 
showed that only glucose was present. A change in 
the insulin dosage to a mixture of 33 units of regular 
insulin and 12 units of protamine zinc insulin, with 
5 units of regular insulin as a separate injection 
each morning, resulted in elimination of the early 
morning insulin reactions and good diabetic regula- 
tion as measured by frequent determinations of the 
blood sugar throughout the day. The urine sugar 
remained 4+ throughout the pregnancy. On April 5, 
1950, a live infant was delivered by Caesarean 
section. Mild renal glycosuria persisted for one 
week, after which time blood sugar values less than 


Clinical Findings in Seven Pregnancies in Five Diabetic Patients with Renal Glycosuria 


Problems Related to 
the Occurrence 
of Renal 


Glycosuria Outcome of Pregnancy 


Hypogiycemia Live infant by Caesarean section 


Hypoglycemia, Live infant by Caesarean section 


ketosis 


Live infant by Caesarean section, 
postpartum death of infant at 
18 hr. of life 


Hypoglycemia, 
ketosis 


Live infant by Caesarean section, 
postpartum death of infant at 
24 hr. of life 


Hypoglycemia, 
ketosis 


Hypoglycemia, Live infant by Caesarean section 


ketosis 


Hypoglycemia Live infant by Caesarean section 


None Miscarriage at 5 mo. of gestation 


180 mg. per 100 ml. were associated with negative 
tests for urine glucose. 

Two years later the patient again became preg- 
Renal glycosuria and frequent insulin reac- 
The 


this pregnancy, shown in the Table, were obtained 


nant. 
tions occurred early in pregnancy. data for 
during her admission for Caesarean section and are 
throughout the 
In addition, mild diabetic ketosis was 


present during the first three days of this hospitali- 


similar to those found previous 


pregnancy. 


zation, in spite of vigorous therapy. 
Case 2.—A 22-year-old woman was seen for the 


the 
previous pregnancy had ended in the delivery of a 


first time in fourth month of pregnancy. A 
stillborn infant at term. Diabetes had been present 
since age 9, regulated initially by means of multiple 
daily injections of regular insulin and then with 
52 units of a 2:1 mixture of regular and protamine 
zinc insulin. One month prior to her first visit, 
frequent insulin reactions began to occur, neces- 
sitating reduction in insulin dosage to 30 units per 
day. In spite of the frequent episodes of hypo- 
glycemia, urine sugar values were consistently 4+ 
throughout this time. Physical examination revealed 
no abnormalities; the uterus was enlarged to a 
degree commensurate with the period of gestation. 
Laboratory the 


exception of the blood and urine sugar, as shown 
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examinations were normal with 
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in the Table. On two occasions late in pregnancy 
hospital admission was necessary because of diabetic 
acidosis precipitated by mild upper respiratory infec- 
tions. Acetone was intermittently present in the 
urine for three weeks prior to delivery, despite all 
therapy. Caesarean section resulted in the delivery 
of a live infant, but the baby died 18 hours later. 
Three years later the patient again became preg- 
nant and was first seen during the fourth month 
of gestation. Her diabetes was well regulated at 
that time on 36 units of isophane (NPH) insulin. 
Physical and laboratory examinations were normal 
One month later, insulin reactions associated with 
massive glycosuria reappeared suddenly, and the 
presence of renal glycosuria was demonstrated 
(Table). 
intake and good diabetic regulation by means of 


In spite of an increase in carbohydrate 


frequent sugar determinations throughout the day, 


acetonuria was present intermittently throughout 
the final month of pregnancy. At Caesarean section, 
a live infant was delivered, but, again, postpartum 


death of the infant occurred within 24 hours 


COMMENT 
The clinical findings in each of the patients 
followed until termination of pregnancy were 
remarkably similar. Each experienced, early 
in pregnancy, frequent episodes of hypogly- 
cemia associated with urine levels 
usually thought to be incompatible with the 


sugar 


diagnosis of hypoglycemia. In some instances, 
24-hour glucose outputs were as high as 100 
gm. daily in spite of normal or only slightly 
elevated blood sugar levels. In Case 1, the 
presence of renal glycosuria led to an initial 
attempt by the patient to reregulate her dia- 
betes by means of urine sugar tests. Severe 
insulin reactions of the type described, with 
organic mental symptoms, resulted from this 
effort. In addition, three of the patients de- 
veloped diabetic ketosis late in pregnancy. 
Although many factors may contribute to the 
well-known readiness with which pregnant 
diabetics become ketotic, the massive urine 
glucose loss seen in patients with renal glyco- 
suria no doubt contributes to the occurrence 
of ketosis and acidosis. 

Although it is common, the incidence of 
renal glycosuria in pregnant diabetic subjects 


1 mention 


is unknown. Pease and co-workers 
that of 25 pregnant diabetic patients 15 had 
renal glycosuria, 3 did not, and in 7 there 
was no attempt made to demonstrate its 


presence. In our small series of cases, 5 of 
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10 subjects definitely had renal glycosuria, 
3 probably showed this phenomenon, and 2 
did not. It is known that nondiabetic pregnant 
women also develop renal glycosuria. As 
many as 24% of a large number of urine 
specimens from normal pregnant women with 
normal blood sugar levels have been found 
to contain glucose.'’ The apparently higher 
incidence of detectable renal glycosuria in 
the small series of diabetic patients studied 
here can be explained in two ways. First, 
urine specimens of diabetic patients are ex- 
amined regularly for the presence and degree 
blood 
below the usual renal threshold but above the 
upper limit of normal (90 to 180 mg. per 


of glycosuria. Second, sugar levels 


100 cc.) occur frequently in diabetic patients. 
In the presence of a lowered renal threshold, 
far more glycosuria would result from this 
level of blood sugar than from a normal level. 
Renal glycosuria could therefore be demon- 
strated more readily in the diabetic patient. 

The the 
glycosuria in normal or diabetic pregnancies 
is unknown. It is probable that a similar 


reason for occurrence of renal 


mechanism is operative in both instances, but 
in the presence of normal glucose tolerance 
the clinical significance of minimal renal gly- 
cosuria is limited to the diagnostic possibili- 
ties raised by the finding of the glycosuria. 
The addition of renal glycosuria to the prob- 
lems of an already diabetic patient, however, 
leads to complications in the management of 
the diabetes that are of serious import and 
require prompt recognition. 

The therapy of the diabetes in these pa- 
the 


insulin dosage to prevent hypoglycemia, to- 


tients requires judicious lowering of 
gether with the use of diets adequate in carbo- 
hydrate. Even with these precautions, ketosis 
may occur. Blood sugar determinations made 
frequently before and after meals aid in the 
regulation of the insulin dosage. Estimation 
of urine glucose loss is of use only to give an 
index of the severity of the renal glycosuria 
and to aid in dietary replacement. 


SUMMARY 


Clinically demonstrable renal glycosuria 
occurred in 5 of 10 pregnant diabetic subjects 
and probably was present in 3 others. 





DIABETES AND PREGNANCY 
Prior to its recognition, the presence of 


renal glycosuria led to severe hypoglycemic 


episodes and subsequently contributed to the 


occurrence of ketosis in three of these pa- 
tients. 

The frequency of occurrence and impor- 
tance of recognition of renal glycosuria in 
pregnant diabetic patients are emphasized. 
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The electrolyte abnormalities which have 
been described in hepatic failure include a 
decrease in plasma sodium, chloride, and 
carbon dioxide content and an elevation of 
lactic and pyruvic acid.* Elevation of the 
blood ammonia has also been reported, and, 
while there seems to be poor correlation be- 
tween actual blood levels and symptoms of 
hepatic coma, there is increasing evidence 
that ammonia plays at least an indirect role 
in the production of coma. 

The studies reported here were carried out 
in patients with liver coma in an attempt to 
evaluate these electrolyte alterations and to 
correlate the clinical symptomatology with 
alterations in blood ammonia levels. The re- 
sults of these studies indicate that hepatic 
coma may in some cases be associated with 


a respiratory alkalosis, as evidenced by a high 
blood pH and a low pCOz level. Although 
there was poor correlation between blood 


ammonia levels per se and symptomatology, 
it was noted that coma was frequently associ- 
ated with elevated blood ammonia levels and 
a superimposed respiratory alkalosis. 
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MATERIALS AND METHODS 


The 34 patients reported here were selected from 
a total of 46 patients with varying degrees of liver 
damage.t Twenty-nine of these patients were studied 
while in hepatic coma; the remaining five were in- 
cluded because they had elevated blood ammonia 
levels and abnormal liver-function tests, but they 
were not in coma when studied. The 12 patients with 
liver disease who were excluded from this presen- 
tation were of two categories, (1) absence of hepatic 
coma or an elevated blood ammonia level or (2) 
superimposed pulmonary disease. The pathological 
diagnosis was unrelated to the biochemical findings, 
and the cases studied include patients with liver 
damage due to metastatic tumor, infection, toxin, or 
cirrhosis. The chemical analyses performed were 
plasma sodium, potassium, chloride, and carbon di- 
oxide content and blood ammonia and pH. The anal- 
yses were carried out on venous blood drawn with- 
out stasis or arterialized venous blood and were 
performed according to methods reported else- 
where.§ Electrocardiograms were taken with a San- 
born portable Viso-Cardiette. Clinically, the degree 
of coma was evaluated according to the neurological 
changes, mentation, and response to external stimuli. 
The existence and extent of liver damage was esti- 
mated either by postmortem examination or, indi- 
rectly, by standard liver-function tests. 


RESULTS 

Table 1 summarizes the findings as regards 
blood pH, ammonia, plasma carbon dioxide 
content, pCOs, sodium, potassium, and chlo- 
ride in 29 patients with severe liver damage 
who were in hepatic coma when studied. As 
illustrated here, the blood ammonia was ele- 
vated in all patients shown (normal, 30y to 
1007 per 100 cc.). In addition, 25 of the 29 
patients had an overt respiratory alkalosis, 
as indicated by the elevated blood pH and the 
depressed pCOs. In all the patients with 
respiratory alkalosis it was also clinically 
evident that respiratory exchange was in- 
creased markedly. 

t Drs. A. Ruben and W. Braveman referred the 
cirrhotic patients for study. 

§ References 10 and 11. 





RESPIRATORY ALKALOSIS IN HEPATI( 


TABLE 1.—Comatose Patients 


Diagnosis Coma 


Acute central necrosis 


Cirrhosis 
Cirrhosis 
Met. cancer to liver 


Met. cancer to liver 
Cancer of liver 
Cirrhosis 

Met. cancer to liver 


Cirrhosis 


Cirrhosis 
Met. cancer liver 


Met. cancer liver 


Cirrhosis 

Met. cancer liver 
Met. cancer 
Cirrhosis of liver 
Cirrhosis of liver, 
hepatoma 
Metastatic cancer 
Cirrhosis of liver 
Undiagnosed liver 
disease 
Metastatic cancer 
Cirrhosis of liver 
Metastatic cancer 
Metastatic cancer 
Undiagnosed liver 
disease 
Metastatic cancer 
Metastatic cancer 
Cirrhosis of liver 
Cirrhosis of liver 


*The degree of coma was estimated clinically as follows: 


with 


COMA 


Elevated Blood Ammonium * 


Ammo- 
nium, 
100 Ce. 


pCOse, 
Mm.Hg ¥ 


29.9 


Na, 
mEq./L. 
149 
147 
125 
115 


Cl, 
mEq./L. 
114 
113 


K, 
mEq./L. 
4.09 
3.74 
4.00 


4.60 


300 
400 


38.7 
200 


280 


4.28 
3.65 
4.35 


6.00 


130 
119 
122 
142 
142 
140 
142 
115 


190 


6.20 
3.40 
3.20 


4.22 


30.5 
10.3 


+, mental confusion; ++ and +++, increasing confusion 


and transient neurological changes; +++-+, unresponsive to noxious stimuli. The normal value for pH of arterialized 
venous blood drawn without stasis ranges from 7.38 to 7.42 in our laboratory. 
+ Determination not performed on the same blood sample but performed within 24 hours. 


The Figure summarizes the changes in pH 
and pCQOz in the patients and also includes 
some of the cases which have been reported 
in the literature.|| In this graph the pH and 
pCOz are shown in relation to the total car- 
bon dioxide content of the plasma. For com- 


parison, we have also included the alterations 


in pCOz and pH which have been measured 
in patients with metabolic acidosis. This is 
demonstrated by the solid line, which repre- 
sents the mean drop in pH and pCO, which 
may be expected in metabolic acidosis, as 
calculated from the patients of Poppell and 


|| References 1, 12, 13. 


* As illustrated, many of the pa- 


co-workers. ' 
tients studied by us and those reported by 
others display an overt respiratory alkalosis, 
as indicated by the elevated pH and the low 
pCOz. Furthermore, it was noted that many 
of the patients who did not have an overt 
respiratory alkalosis displayed greater depres- 
sion of pCQOsz and less depression of pH than 
was evident in the patients with metabolic 
acidosis. This is shown here by the failure of 
the patients with hepatic coma to fall within 
the range of the line of compensation for 
metabolic acidosis. This finding we have in- 
terpreted to indicate a compensated respira- 
tory alkalosis. 
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In the patients with liver damage whom _ tory alkalosis were consistently in coma or 
on the verge of coma. This is illustrated in 
Table 2, which shows five patients with ele- 


vated blood ammonia content without ap 


we have evaluated, no consistent relationship 
between blood ammonia levels and symptom- 
atology was found. However, it was evident 
that the patients who had an elevated blood _ preciable respiratory alkalosis. Two of the 


ammonia level with a superimposed respira- patients complained of weakness and were 


TABLE 2.—Patients with Elevated Blood Ammonia Who Were Not in Coma 


Ammo- 
COe, pCOse, nium, Na, K, Cl, 
Diagnosis Coma mM./L. Mm.Hg ¥/100 Ce. mEq./L. mEq./L. mEq./L. 
40.5 160 132 3.50 107 
250 — nese 
200 26 5.90 81 


Cirrhosis 
Carbon tetrachloride 


poisoning 
4.20 80 


Cirrhosis 200 3 4.10 
Obstructive jaundice, 300 § 5.10 
? etiology 

Cirrhosis Drowsy 20.0 


Drowsy 7.38 23.0 


cee 4.50 
38.1 25 3% 4.30 


* Determination not performed on the same blood sample but performed within 24 hours. 
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unusually drowsy; however, the other three 
patients showed no peripheral neurological 
changes or mental symptoms. 

It should be emphasized that the data 
which are shown here were observed only 
in the early stages of hepatic coma. With 
the progression of liver failure, respiratory 
depression or respiratory paralysis usually 
supervened and the patients showed a termi- 
nal respiratory acidosis and anoxia. 

The plasma concentration of sodium and 
chloride was noted to be decreased in some 
of the patients reported here. Plasma potas- 
sium showed no consistent changes except 
terminally, when a slight elevation was fre- 
quently observed. No correlation was evident 
between standard liver-function tests, clinical 
jaundice, blood ammonia, and respiratory 
alkalosis. 
ob- 


served in only four of the patients we have 


Electrocardiographic changes were 
studied. These changes were similar to those 
which have been described in hyperkalemia 
and/or acidosis and following ammonia infu- 
sion in dogs.’t They consisted of peaking 
and increase in the height of the T wave, loss 
of the P wave, bradycardia, widening of the 
ORS complex, and, eventually, a sine-wave 
rhythm. 
COMMENT 


The data on the patients shown here sug- 
gest that hepatic decompensation in some pa- 
tients may lead to a respiratory alkalosis as 
well as to an elevation of blood ammonia. 
\lthough all of the patients reported here 
did not display respiratory alkalosis, it oc- 
curred frequently enough that its existence 
warrants recognition. In the seven patients 
reported by Wechsler '* the average pH was 
7.48 and pCOz was 25 mm. mercury. Of the 
12 patients reported by Schwartz,’ 5 had 
overt respiratory alkalosis and 4 had an 
altered pCOz which did not fall within the 
line of compensation noted in metabolic aci- 
dosis. Five of the eight patients reported by 


Carfango ** had respiratory alkalosis. 


Although the basis for the respiratory 
alkalosis has not been clarified, it has been 
shown in unanesthetized dogs that the infu- 


HEPATIC 


COMA 


sion of nonacidifying salts of ammonium will 
increase respiratory exchange and lead to 
respiratory alkalosis, convulsions, and electro- 
cardiographic changes.'* In these experi- 
ments, it was shown that the exogenous ad- 
ministration of 10% carbon dioxide reverses 
the alkalosis and increases the animals’ toler- 
ance to infused ammonium. Furthermore, 


the infusion of nonacidifying salts of am- 


monium, such as ammonium acetate, into 


anesthetized animals does not result in re- 
spiratory alkalosis. It has likewise been ob- 
that the 
animals to ammonium was four to five times 


served tolerance of anesthetized 


that of the unanesthetized animals, who de- 
veloped respiratory alkalosis.{ These findings 
suggest that ammonium may increase respira- 
tory exchange in humans with hepatic de- 
compensation and that the toxicity of am- 
monium might be enhanced by a superimposed 
respiratory alkalosis. Because of the charac- 
teristics of the oxyhemoglobin dissociation 
curve in the presence of a high pH or a low 
pCOs, it has been suggested that respiratory 
alkalosis impairs oxygen unloading at the 
tissue level,’* and it is known that acapnea 
leads to cerebral and peripheral vasoconstric- 
tion.# 

In addition, it is known that respiratory 
alkalosis may result in neurological and 
electroencephalographic changes * which are 
similar in some respects to those which have 
been reported with ammonium toxicity.7 It 
should also be considered that the elevation 
of lactic acid which has been reported in liver 
disease may be the result of tissue anoxia 
secondary to respiratory alkalosis as well as 
to impaired liver function. 

Although these studies imply that the toxic 
symptoms of ammonia may be due in part to 
a superimposed respiratory alkalosis, they 
do not lead to the conclusion that it is the 
sole factor responsible for the symptomatol- 
ogy of hepatic coma. It has been shown that 


{| References 11, 15, and 16. 
# References 18 and 19. 

* References 18, 20, and 21. 
+ References 6, 22, and 23. 
t References 4, 5, and 24. 
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ammonium per se is toxic in animals even 
without a superimposed respiratory alkalosis. 
This was emphasized by previous work which 
showed that carbon dioxide merely increased 
the tolerance to infused ammonium; it did 
not, however, completely reverse the eventual 
toxicity. 

The mechanism whereby ammonia stimu- 


lates respiration can only be speculated on 
at the present time. It has been shown by 
Wechsler and co-workers ** that there is an 
impaired cerebral oxygen consumption in he- 


patic coma, although the arterial oxygen sat- 
uration in these patients is normal. In their 
patients, it was also noted that respiratory ex- 
change was increased, plasma carbon dioxide 
tension reduced, and pH increased. From 
these studies, the authors postulated that ox- 
ygen utilization of the brain was impaired 
secondary to an intracellular abnormality. If 
this postulate is correct, then the ammonium 
ion may cause increased respiration second- 
ary to tissue anoxia. On the other hand, it 
remains to be shown whether ammonium is 
a specific stimulus to respiration through a 
direct effect on the respiratory center. 


SUMMARY 

Twenty-five of twenty-nine patients in 
hepatic coma had respiratory alkalosis and 
No 
correlation between blood ammonia levels per 
se and symptomatology of hepatic decompen- 
sation was evident in the patients studied by 


a coincident elevation of blood ammonia. 


us. 

It has been suggested that ammonia may 
stimulate respiratory exchange and lead to 
respiratory alkalosis in patients with severe 
liver failure and that the physiological alter- 
ations resulting from respiratory alkalosis 
may be additive to the toxic effect of am- 
monia. 
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Diverticula occur more commonly in the 
thoracic esophagus than in the pharyngo- 
esophageal region. For several reasons, how- 
ever, more pharyngoesophageal than thoracic 
diverticula have been treated surgically. 
Being confined within the limited fascial 
compartments of the neck, they are more 
likely than thoracic diverticula to cause symp- 
toms while relatively small. In addition, 
pharyngoesophageal diverticula are amenable 
to resection without opening the pleural 


space. In 1949 Harrington’ had operated 


on 216 pharyngoesophageal diverticula and 


on only 8 thoracic esophageal diverticula. 
Similarly, Lahey’s* group by 1954 had re- 
moved 365 pharyngoesophageal diverticula 
and only 9 diverticula from the lower part 
of the esophagus. 

The majority of diverticula in the middle 
third of the esophagus are of the traction 
variety. Presumably they result from inflam- 
matory processes in contiguous tissues (for 
example, trachea, bronchi, and lymph nodes ). 
An attenuated and weakened esophageal wall 
is dragged outward by consequent scarring 
and contraction. The 
diverticulum is usually broad, and the sac, 
consisting of all layers, is not in a dependent 


neck of a traction 
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position. These characteristics permit easy 
emptying, and the esophageal lumen is not 
While the pathogenesis of 
difficult to 


strate in many instances, the fact remains 


compromised. 
traction diverticula is demon- 
that few of these lesions are important clini- 
cally unless infection proceeds to abscess or 
fistula formation or unless the rare complica- 
tion of bleeding occurs. 

From the clinical standpoint the pulsion 
type of esophageal diverticulum is the most 
important. The etiology and pathogenesis of 
these lesions are not well understood. Sev- 
eral hypotheses have been advanced which 
postulate, respectively, a congenitally weak 
wall, an autonomic nervous imbalance, or 
esophageal obstruction combined with pres- 
sure from within the lumen of the esophagus. 
Putney and Clerf* have shown that pulsion 
diverticula contain all esophageal layers and 
are thus true diverticula. However, the 
muscular layer is generally much attenuated, 
and in essence the wall of these sacs consists 
mainly of mucosa, submucosa, muscularis 
mucosae, and an outer fibrous layer. Trac- 
tion diverticula, on the other hand, possess 
a well-developed outer muscular coat. 

The 


diverticula with cardiospasm or diaphrag- 


association of thoracic esophageal 


matic hernia has been noted by several 
authors. Vinson * in a study of 42 cases in 
1934 found eight associated with cardio- 
spasm and one associated with a diaphrag- 
matic hernia. Goodman and Parnes,’ review- 
ing the literature in 1952, found 126 cases 
well enough documented to be considered 
epiphrenic diverticula. Sixty-five per cent 
were associated with cardiospasm. The rarity 
of diverticula in patients with cardiospasm 


has, however, been mentioned by various 





ESOPHAGEAL DIVERTICULA 

authors, especially Kausel and Lindskog,° 
who felt that there was evidence in many 
instances that the achalasia was secondary 
to the diverticulum. 

The clinical picture presented by pulsion 
diverticula of the lower part of the esophagus 
is extremely variable. The lesion may be 
entirely asymptomatic. On the other hand, 
there may be marked dysphagia, pain on 
swallowing, regurgitation or vomiting, aspi- 
ration and cough, loss of weight, and, rarely, 
bleeding. Between these extremes are cases 
with vague and nondescript symptoms, epi- 
gastric pain or soreness, bloating, anorexia, 
substernal distress, and so forth. The exact 
relation of these last symptoms to the diver- 
ticulum is often indeterminate. Usually a 
large sac, the fundus of which is in a de- 
pendent position, will distort or compromise 
the lumen of the esophagus below the orifice 
of the diverticulum. Varying degrees of dys- 
phagia result. Regurgitation is a prominent 
symptom, depending on the amount of reten- 
tion in the sac. Some patients will regurgi- 
tate material only when lying down. 

Occasional bizarre symptoms have been 
reported in association with epiphrenic diver- 
ticula. Julian’ presented a case in which 
exertional chest pain with arm radiation, 
electrocardiographic abnormalities, and dys- 
phagia all disappeared following removal of 
a lower esophageal pulsion diverticulum. 
Nylander * reported a case of diverticulum 
in which the patient was a 39-year-old 
woman who had had dysphagia and asthma 
both for the same length of time. At explora- 
tion a moderate-sized pulsion diverticulum of 
the lower part of the esophagus was found 
connected with the right main bronchus by 
a band of fibrous tissue. Removal of the 
diverticulum cured the patient’s asthma and 
dysphagia. Bleeding has been only rarely 
recorded as a symptom of pulsion diver- 
Witter and Lookanoff ® related the 
case of a 65-year-old woman with massive 


ticulum. 


hemorrhage as the presenting manifestation 
of a lower esophageal diverticulum. On close 
questioning, however, a past history of dys- 
phagia and regurgitation was elicited. 


The diagnosis of esophageal diverticulum 
is dependent on roentgenographic examina- 
tion. The lesion may be visible on the routine 
posteroanterior chest films. Usually barium 
enters the diverticulum without difficulty, 
and a globular sac with a neck of variable 
length and width is outlined. Rarely, a dia- 
phragmatic hernia or cardiospasm with prox- 
imal esophageal dilatation will cause confu- 
sion in the roentgenogram. 

Esophagoscopy is of value in confirming 
the diagnosis of diverticulum and in assessing 


complicating factors such as_ esophagitis, 


stricture, spasm, and diaphragmatic hernia. 
Carcinoma must be excluded in all cases. 
Putney and Clerf* have called attention to 
the four recorded cases of carcinoma within 
the sac of a diverticulum. Such a situation 


was not encountered in the present series. 


THE PRESENT STUDY 


During the 10-year period 1944 to 1953, inclusive, 
201 patients with lower esophageal diverticula were 


seen at the Mayo Clinic. Twenty-four of these 


patients were treated by transthoracic diverticulec- 
tomy and are the subject of another paper. Of 
the remaining 177 cases, 28 were found not to be 
acceptable for the purposes of this study, either 
because the esophageal roentgenograms were not 
or because the records were 


available for review 


incomplete as regards the clinical symptoms and 
roentgenographic findings. 

One hundred forty-nine nonsurgical cases of 
lower esophageal diverticula form the basis of the 
97 cases of pulsion 


other 


There 
diverticula in this 
the lesion appeared roentgenologically to be of the 


present report. were 


group. In the 52 cases 
traction variety. It is possible that this division of 
the cases may, in certain instances, be somewhat 
variable roentgenologic 
diverticula in 


artificial, owing to the 


appearance of esophageal general 
However, since the pathogenesis of all these lesions 
is usually speculative, at best, it may be of some 


value to consider them in two categories. 

There is no question but that the roent- 
genologic appearance of a typical pulsion 
diverticulum (Figs. 1 to 6) in the lower part 
of the esophagus differs markedly from the 


appearance of those which we have chosen 


to classify as traction lesions ( Figs. 7 and 8). 
Characteristically, pulsion diverticula have a 
discernible neck or stalk which connects the 
body of the pouch with the esophagus. The 
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Fig. 1—(a) Esophagram made in 1946, showing typical pulsion diverticulum in the lower 
part of the esophagus. (b) Same patient as in (a). Esophagram made in 1953, showing no sig- 
nificant change in size of the diverticulum. The patient has never had symptoms from the lesion. 


Fig. 2—Esophagram of a man aged 81 years. The 
large pulsion diverticulum is known to have been 
present for at least 10 years and has never caused 
significant symptoms. 


larger pulsion sacs are usually dependently 
located and compress the esophagus to vary- 
ing degrees. The lower esophageal traction 
diverticulum, on the other hand, appears 
quite similar radiologically to its counterpart 
in the middle third of the esophagus. It is 
broad-based and flat, and has no real neck, 
as seen in the roentgenogram. The fundus 
of the sac, not being located in a dependent 


position, causes no esophageal compression 


or distortion. In only one of our cases of 


traction diverticulum were the patient’s 
symptoms felt to be on the basis of this 
lesion. This fact lends further credence to 
the traction classification, even though it is 
possible that in some instances the lesion 
may be only the initial stage in the develop- 
ment of a pulsion diverticulum. 

In carrying out this study the clinical 
record was reviewed in each case, and the 
symptoms and esophagoscopic findings were 


recorded. The esophageal roentgenograms 





Fig. 3—(a) Esophagram made in 1946 of a man aged 65 years, showing a small pulsion 
diverticulum on the right side in the lower part of the esophagus and, in addition, marked diffuse 
esophageal spasm. Dysphagia was treated by dilatations. (b) Same patient as in (a). Esopha- 
gram made in 1954, showing some increase in size of the diverticulum. Symptoms are well con- 
trolled by occasional esophageal dilatations. 


Fig. 4.—(a) Esophagram made in 1945 of a woman aged 46 years, showing two pulsion 
diverticula in the lower part of the esophagus. There is also some diffuse esophageal spasm. (b) 
Same patient as in (a). Esophagram made in 1948, showing increase in size of the diverticula; 
in addition, a diaphragmatic hernia is visible. The patient in 1954 stated that she ate mainly a 
soft diet. There was occasional dysphagia, with food lodging at the lower end of the esophagus. 
By sleeping with the head of the bed elevated, the patient could prevent regurgitation. 





Fig. 5—(a) Esophagram made in 1948 
diverticulum in the lower part of the esophagus 
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of a man aged 71 years, showing large pulsion 


(b) Same patient as in (a). Esophagram made 


in 1953, showing no change in size of diverticulum, but a diaphragmatic hernia is visible at 


this time. There were never any symptoms. 


Fig. 6.—Esophagram of a man aged 71 years, 
showing two pulsion diverticula and a small traction 
diverticulum (on the left below the pulsion sac) in 
the lower part of the esophagus. In addition, there 
is a diaphragmatic hernia. Esophagoscopy showed 
moderate esophagitis. The patient’s dysphagia was 
treated by esophageal dilatations. Symptoms were 
well controlled, and a roentgenogram six months 
later showed no change in the lesions. 


were studied with regard to the distance of 
the diverticulum from the cardia or esophago- 
gastric junction, the size of the lesion, and 
the the 


measurements of 


the dimensions of neck of sac. 


\dmittedly, 
graphic shadows are subject to many sources 


roentgeno- 


of error. This is especially true of mobile, 
distensible lesions attached to an organ such 
as the esophagus which itself is capable of 
intrinsic motion. However, within the limita- 
tions posed by such factors, there was con- 
siderable variation in the size, configuration, 


and location of these diverticula. 


THE PULSION DIVERTICULA 

There were 97 patients with lower eso- 
phageal pulsion diverticula in the present 
study. They ranged in age from 34 to 81 
The 
ratio of men to women was a little more than 
6a) B 


phageal diverticula, there being as many as 


years, with an average of 59 years. 


In 15 cases there were multiple eso- 


three lesions in some patients, including 
small traction diverticula in the lower and 


The 


middle segments of the esophagus. 
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major lesion was on the right side in 57 
cases and on the left side in 40 cases. 

All levels in the lower segment of the 
esophagus were found to be involved by pul- 
sion diverticula. The lesions in this group 
were located from the diaphragm to 10 cm. 
above the esophagogastric junction, the aver- 
age being about 5 cm. proximal to the hiatus 
of the diaphragm. The size of these diver- 
ticula varied within relatively wide limits, the 
largest being 9.5 cm. and the smallest, 0.5 cm. 
in the largest dimension. Table 1 indicates 
the approximate sizes of 103 pulsion diver- 
ticula which were present in the 97 patients 
in this group. More than half of the lesions 
were under 3.0 cm., but there were 35 diver- 
ticula 3.0 cm. or more in diameter and 7 
lesions were over 7.0 cm. 

In the majority of cases pulsion diverticula 
possessed a short but roentgenologically defi- 
nite neck of variable width. The esophagram 
(Figs. 1 to 6) usually revealed this stalk to 
be 0.5 cm. or less in length, but in a few 
instances a neck of 1.0 cm. in length was 
present. The width of the neck parallel to 
the long axis of the esophagus varied some- 
what with the size of the diverticulum, be- 
tween 0.5 cm. and 4.0 cm. It should be noted, 
though, that some large lesions had rather 
narrow stalks, while a few small diverticula 
had wide necks in proportion to the size 
of the pouch. 

There were associated lesions of the dia- 
phragm or esophagus in almost one half of 
the pulsion diverticula in the present study 
(Figs. 3, 4, 5b, and 6). As noted in Table 2, 
there were 21 patients with diaphragmatic 
the left 


phragm, 13 with diffuse esophageal spasm, 


hernia, 2 with eventration of dia- 


Tas_e 1.—Distribution According to Size of Lesion 
of 103 Lower Esophageal Pulsion Diverticula 


Occurring in Ninety-Seven Patients 


Lesions, 
Size, Cm. ’ 


1-3, exclusive 
3-5, exclusive 
5-7, inelusive 


TaBLeE 2.—Incidence of Associated Lesions in 
Ninety-Seven Cases of Pulsion Diverticula 


of Lower Part of Esophagus 


Patients 
Per 

Associated Lesion Cent * 
Hiatal hernia 22 
Diffuse spasm 3 13 
Cardiospasm 3 3 
Diaphragmatie hernia & diffuse spasm.. 
Esophagitis 
Eventration of diaphragm. 


Acromegaly with laryngospasm 
No associated lesion 


*Since some patients had more than one associated 


lesion, percentages total over 100. 

t Of 18 patients who were examined esophagoscopically 
and 3 with cardiospasm. Three patients had 
both diaphragmatic hernia and diffuse spasm. 


Symptomatically, pulsion diverticulum of 


the lower part of the esophagus varies greatly 


in its clinical manifestations. Of the 97 
patients in the present study, 33 had no 
clinical symptoms that could in any way be 
regarded as related to the diverticulum. In 
other cases it was often difficult to say 
whether the symptoms of which the patient 
complained were due to the diverticulum or 
to associated esophageal lesions such as hiatal 
hernia, cardiospasm, diffuse spasm, and other 
abnormalities. In only 17 of the 97 patients 
were there clinical symptoms directly due to 
the diverticulum. 

Dysphagia was present to some degree in 
31 of the patients, and 30 patients gave a 
history of regurgitation (Table 3). In two 
instances esophageal obstruction had ad- 
vanced to the point that only liquids would 
pass. Regurgitation, when present, was at 
times precipitated or aggravated by change 
of position such as lying down or turning 
from The material 


regurgitated was usually described as sweet 


one side to another. 
and undigested. Five patients complained of 
pain on swallowing, which in most cases was 
not severe. Ten patients had a significant 
degree of pain in the lower part of the chest 
or the epigastrium. 

Bleeding is a rather uncommon symptom 
in pulsion diverticulum of the lower end of 
the esophagus, but four of the patients had 
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TABLE 3.—Major Symptoms Occurring in Ninety- 
Seven Nonsurgical Cases of Lower Esophag- 
eal Pulsion Diverticula 


Patients, 
Symptom No. 
Dysphagia 
Due to diverticulum 
mee Cb SCE)... crccccsccsecnsecvsase 
Due to associated lesions 


Regurgitation 
Due to diverticulum 
Bete BO GIVOETIIINID. (7). cccccccccccccovsvccscce 
Due to associated lesions 


Pain on swallowing 
Due to diverticulum 
Due to associated lesions..................000 


Pain in lower part of chest 
abdomen 


Due to diverticulum 
Due to diverticulum (7)..........ccccccccessces 
Due to associated lesions 


Gastrointestinal bleeding. 


Due to diverticulum 
Due to diverticulum (7).............scssecseees 
Due to diaphragmatie hernia 


Loss of weight due to diverticulum 


noted hematemesis of varying amounts in the 
past. In only one of the cases, however, 
could bleeding be identified as originating in 
the diverticulum. 

Seven of the patients with pulsion diver- 
ticulum gave a history of a persistent cough, 
which was thought to be due to the aspiration 
of regurgitated esophageal material into the 
lungs. Two of the patients described a sen- 
sation of a gurgling noise in the lower sub- 
sternal region on swallowing and on change 
of position. 

In general it was true that the degree of 
symptoms varied according to the size of 
the iesion. This was not invariably so, how- 
ever, there being several diverticula smaller 
than 3.0 cm. which caused trouble and some 
very large lesions which were completely 
asymptomatic (Figs. 2 and 5). The diver- 
ticula with short wide necks which emptied 
readily were usually less likely to be asso- 
ciated with symptoms than those with nar- 
row stalks, showing considerable retention of 
contrast medium. 

Esophagoscopy. — Esophagoscopy was 
found of value in the study of certain eso- 
phageal diverticula. It was of assistance in 


774 


A. 


ARCHIVES OF INTERNAL MEDICINE 
confirming the diagnosis and assessing the 
degree of esophageal inflammation and ob- 
struction present. It was of value in exclud- 
ing carcinoma in the diverticulum or in the 
esophagus nearby. In cases of gastrointestinal 
bleeding it may enable one to determine 
whether the bleeding originates in the diver- 
ticulum or not. In addition, it may be used 
to remove retained food and debris from the 
sac, especially if operation on the esophagus 
is contemplated. 
Treatment.— The treatment of pulsion 
diverticula of the lower part of the esophagus 
is dependent primarily upon the amount of 
difficulty the diverticulum produces. Patients 
with asymptomatic diverticula were advised 
treatment only if symptoms 


to consider 


should eventually develop. In those cases 
in which the primary problem was due to 
esophageal spasm or hiatal hernia, or both, 
therapeutic measures were directed toward 
the relief of these conditions. 

In 24 of 121 cases of pulsion diverticula 
the symptoms produced by the diverticulum 
were of such a nature that surgical extirpa- 
tion of the pouch was advised and subse- 
quently performed. These cases will be re- 
ported in a separate paper. There were 
certain cases in which the diverticula caused 
sufficient difficulty to warrant surgical treat- 
ment but in which too great a surgical risk 
was to diverticulectomy 


or for some other reasons operation was 


involved justify 
rejected. 

In the remainder of the cases a conserva- 
tive medical program was advised. Reduc- 
tion of weight was recommended when the 


patient was obese. Measures were directed 


toward keeping the diverticulum empty as 
much as possible, especially by advising the 
patient to sleep in a position that would pro- 
mote emptying of the sac. The use of sufficient 
liquid to wash out the sac and the esophagus 
adequately was advised. Other measures con- 
sisted of the use of a bland, soft diet, antacids 
if ulceration existed, esophageal dilatations 
when spasm of the esophagus interfered with 
the free passage of food, and measures which 
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TaBLE 4.—Data on Twenty-Five Patients with 
Lower Esophageal Pulsion Diverticula Fol- 
lowed Five or More Years on 


Conservative Measures 


Patients 
Long-Term Result No. 


Never any symptoms 
Symptoms are the saz 
Symptoms are less 
Increase in symptoms 
Increase in size of lesion.. 


* Associated lesions in five of these patients were treated 
conservatively 

+ Only one patient with an enlarging lesion had increased 
symptoms. 


reduce intra-abdominal pressure and help 
maintain reduction of a coexisting hiatal 
hernia. 

It is of interest to note the future course 
of pulsion diverticula in patients who are 
treated by conservative measures. There 
were 25 patients in the present study who 
could be followed for five more 
(Table 4). 


symptoms at the time of the original exami- 


years or 
Seven of these patients had no 


nation and had none six or more years later. 
One of these diverticula, shown in Figure 2, 


measured 8.0 by 6.5 cm. Seven patients 
noted no change in their symptoms, and 
another seven patients were of the opinion 


that théir esophageal symptoms were less 


Fig. 7.—An asymptomatic traction diverticulum 
in the lower third of the esophagus. 


troublesome than before treatment. Only 
four of the patients with diverticula noted 
increased symptoms and disability. Only 5 
of the 25 patients showed an increase in the 
size of the diverticulum. 

THE TRACTION DIVERTICULA 

There were 52 cases in which the divertic- 
ulum in the lower third of the esophagus 
appeared to be of the traction variety (Figs. 
7 and 8). The pouch in these cases varied 
in size from 0.5 cm. to 3.0 cm. in diameter, 
but the majority were around 1.5 cm. 

These patients ranged in age from 38 to 
74 years, the average being 55 years. There 
were 22 women in the group of 52 patients. 
Unlike the pulsion group, more than half of 
the lesions were on the left side. In each 
of two cases there were two traction divertic- 
ula in the lower third of the esophagus. One 
of these patients had, in addition, a traction 
diverticulum in the middle segment of the 
esophagus. There was one apparently bi- 
lobed lesion, measuring 3.0 by 1.5 cm. This 
is illustrated in Figure 8. In 15 cases there 
was an associated hiatal hernia. Two of these 


were quite large. One patient had both a 


diaphragmatic hernia and diffuse spasm. 


Fig. 8—A bilobed asymptomatic traction diver- 
ticulum in the lower third of the esophagus. 
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Three patients had only diffuse spasm in 
association with the traction diverticulum. 
In one instance a traction diverticulum was 
associated with cardiospasm. 

In only one case among the nonsurgical 
were there 


traction diverticula symptoms 


which could be attributed to the diverticulum. 

In all other patients with symptoms there 
were associated lesions, such as hiatal hernia, 
diffuse esophageal spasm, or cardiospasm, 
which appeared definitely to be the primary 
problem. At least, conservative management 
lesions controlled the 


of these associated 


symptoms for these patients. 


SUMMARY AND COMMENT 


The present report is based on a study of 
149 patients with lower esophageal divertic- 
ula seen at the Mayo Clinic during the 10- 
year period from 1944 to 1953, inclusive. 
There were 97 patients with pulsion divertic- 
ula and 52 patients with traction diverticula. 
None of these patients was treated surgical- 
ly. Twenty-four surgical cases form the 
basis of another report. 

The ratio of males to females in the series 
was approximately 2:1. The average age of 
these patients was about 58 years and varied 
between 34 and 81 years. Pulsion divertic- 
ula were more commonly seen on the right 
side, but the traction variety occurred some- 
what more frequently on the left. In 15 cases 
of pulsion diverticula and in 2 cases of trac- 
tion diverticula there were multiple lesions. 

The pulsion diverticula in this group 
varied in size from 0.5 cm. to 9.5 cm. in the 
largest dimension. They had a short but 
usually roentgenologically definite neck. The 
width of the neck varied from 0.5 cm. to 4.0 
cm. These lesions were found at all levels 
in the lower part of the esophagus, from the 
diaphragm to 10.0 cm. proximal to the eso- 
phageal hiatus. 

All the traction diverticula were rather 
small lesions, none being larger than 3.0 cm. 
in diameter. These diverticula are broad- 
based; they have no_ roentgenologically 
demonstrable neck, and the sac is not de- 
pendent. 
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The clinical manifestations of lower eso- 
phageal diverticula are extremely variable 
and unpredictable. It is possible for a large 
pulsion diverticulum to remain unchanged 
for years and never cause significant symp- 
toms. On the other hand, a rather small 
lesion may be capable of producing consider- 
able disability. 

One third of all pulsion diverticula in the 
lower esophageal region are asymptomatic. 
In approximately another third of patients 
with epiphrenic pulsion diverticula it is diffi- 
cult or, in some instances, impossible to 
establish the exact role of the diverticulum 
in the total clinical picture. About 15% to 
20% of pulsion diverticula in the lower part 
of the esophagus produce definite symptoms. 
A similar proportion of patients will have 
symptoms due primarily to associated eso- 
phageal or diaphragmatic lesions, which are 
present in from 50% to 70% of patients 
with lower esophageal diverticula 

The 


from pulsion diverticula are dysphagia and 


most frequent symptoms resulting 
regurgitation. Pain on swallowing, vomiting, 
aspiration and cough, loss of weight, and 
epigastric and retrosternal distress are also 
lesions. 

It oc- 


occasional manifestations of these 
Bleeding is only rarely encountered. 
curred in four patients in this series, but it 
was definitely from the diverticulum in only 
one patient. 

Traction diverticula in the lower part of 
the esophagus practically never by themselves 
produce symptoms. 

The exact relationship of esophageal di- 
verticula to a coexisting diaphragmatic 
hernia, cardiospasm, or diffuse spasm of the 
esophagus has not been clearly defined. It is 
entirely possible, as noted by Kausel and 
Lindskog,® that these lesions are secondary 
to the diverticulum. We have noted the de- 


velopment of a diaphragmatic hernia in two 


patients having diverticula and followed for 


several years. The presence of an associated 
esophageal spasm or diaphragmatic hernia 
complicates the conservative treatment of 
esophageal diverticula. For this reason it 
is often more important to remove a divertic- 
ulum associated with spasm or hiatal hernia 
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than it is to excise a simple, uncomplicated 
diverticulum producing only mild symptoms. 
This is true especially since the conservative 
treatment of the latter is often very satisfac- 
tory for long periods. 


CONCLUSIONS 

Asymptomatic lower esophageal divertic- 
ula should not be operated on unless the 
lesion shows considerable increase in size 
on subsequent roentgenologic examinations. 
A diverticulum causing mild symptoms in a 
poor-risk patient may be treated conserva- 
tively with the expectation of good results for 
relatively long periods. In younger patients, 
however, it is usually not justifiable to tem- 


porize with lesions producing significant 


symptoms. 
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INTRODUCTION 


It has been shown that the distal tubule 
of the kidney is a site of action of both the 
adrenal hormones and carbonic anhydrase.* 
The inhibition of carbonic anhydrase in the 


kidney causes an increase in urinary pH, 


bicarbonate, sodium, and potassium and a 
decrease in urinary ammonia.7 In the blood 
there is a fall in arterial pH and plasma 
bicarbonate and some decrease in plasma 
potassium, with no change noted in the 
plasma sodium." 

Increased urinary potassium excretion is 
an effect which is also seen with the adminis- 
tration of the adrenal steroids. The exact 
mechanism of the action of the adrenal hor- 
mones within the renal tubule is yet unproved, 
although a mechanism is suggested by Pitts.’? 
It was felt that the administration of a car- 
bonic anhydrase inhibitor, acetazoleamide 
(Diamox),i to patients with adrenal insuffi- 
ciency might provide further information 
with regard to the renal activity of both 
carbonic anhydrase and the adrenal steroids 
and any possible relationship between them. 


METHOD 
Five patients with Addison’s disease were studied. 
No patient manifested any indication of primary 
cardiac, renal, or pulmonary disease. Each patient 
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was placed on a constant sodium chloride intake. 
The carbohydrate, fat, and protein intake was main- 
tained at a constant level for each patient. Tap 
water was permitted as desired. 

No patient had received any adrenal replace- 
ment therapy for at least four days prior to starting 
the study. Serum sodium,® potassium,® chloride,'® 
and CO:17 
experimental period. Twenty-four-hour urine speci- 


were determined daily throughout the 


mens were collected accurately without preservac 
tives, and urinary volume and sodium,° potassium,°® 
and chloride 1° values were determined. 

After a control period of no less than two days, 
each patient was given 500 mg. of acetazoleamide 
in a single dose in the morning. Since the patients 
manifested symptoms of early adrenal crisis 12 to 
36 hours after the acetazoleamide was given, adrenal 
replacement therapy was necessarily instituted. 
After stabilization had occurred in two of the pa- 
tients in response to adrenal steroid therapy, 
acetazoleamide was again given in the amount that 


previously had produced adrenal crisis. 


REPORT OF CASES 

Case 1.—A 38-year-old white woman entered the 
hospital complaining of lethargy, weakness, dizzi- 
ness, stiffness of arms and legs, and increased pig- 
mentation of lips and gums. Physical examination 
revealed a blood pressure of 124/80 and generalized 
increase in pigmentation of skin. Admission labora- 
tory data revealed the serum sodium, potassium, 
chloride, and COs normal 
limits. The excretion of urinary steroids was con- 
sistent with the diagnosis of Addison’s disease. There 


values to be within 


was no change in eosinophiles in response to corti- 
cotropin The Robinson-Kepler 
Power water test was equivocal. 

After base-line studies were obtained, 500 mg. of 
acetazoleamide was given on two successive days. 
Approximately 36 hours after the initial dose the 
patient manifested signs of impending adrenal crisis. 
She became lethargic and complained ofa slight head- 
ache and low back pain. The blood pressure dropped 
to 84/56. There was an increase in pulse rate and 
temperature. The skin was hot and dry. An infusion 
containing 100 mg. of hydrocortisone § in 500 cc. 
of isotonic saline was given intravenously, and the 
patient responded well. The collection of specimens 
oscillation 

§ Provided by Dr. E. M. Alpert, of Merck & 
Co., Inc. 


administration. 
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and serum electrolytes continued 
throughout this period. 

The patient was given 20 mg. of hydrocortisone 
orally every 8 hours for 48 hours. She was then 
given 500 mg. of acetazoleamide on the next two 


successive days. No ill effects were noted. 


for urinary 


Case 2.—A twenty-year-old white youth entered 
the hospital complaining of weakness and lethargy 
of two months’ duration. For two weeks preceding 
his admission he had had recurrent bouts of nausea, 
vomiting, diarrhea, dizziness, hypotension, and de- 
hydration. Intravenous corticotropin was given, 
with no decrease in the eosinophiles and a 17- 
ketosteroid response that was equivocal. A Robin- 
son-Kepler-Power water test was unsatisfactory. 
Blood pressure on admission was 80/40. Admission 
serum 


and 


laboratory data revealed a COs of 52 vol. %; 
sodium, 132 mEq/L.; potassium, 5.4 mEq/L., 
chloride, 83 mEq/L. The patient was treated with 
desoxycorticosterone acetate (DOCA) and cortisone 
for several days, with rapid improvement. All treat- 
ment was discontinued for four days in order to 
obtain baseline studies. The patient was then given 
Within 24 hours the 


patient manifested signs of adrenal crisis. There 


500 mg. of acetazoleamide. 
was a marked drop in blood pressure; the pulse was 
rapid and weak. He complained of dizziness and 
headache. Therapy was started with cortisone and 
desoxycorticosterone acetate, after which the pa- 
tient was maintained on oral cortisone, 12.5 mg. 
every eight hours. Base-line values were established, 
and the patient was again given acetazoleamide. 
Although a diuresis was noted, no untoward clinical 
symptoms or signs developed. Urinary and serum 
values are presented graphically. 

A 41-year-old white woman had been 
Addison’s year 


CasE 3. 
diagnosed as haying disease one 
prior to her present admission and had been main- 
tained on implanted desoxycorticosterone acetate 
pellets and oral cortisone, 30 mg. daily. The last 
desoxycorticosterone acetate implantation had been 
11 months prior to her admission. On this admission, 
her complaints were nausea, weakness, dizziness, 
and interscapular pain. Physical examination re- 
vealed a blood pressure of 118/84. The skin was 
pigmented. Laboratory data showed serum potas- 
sium of 5.1 mEq/L., sodium of 133 mEq/L., and 
chlorides, 105 mEq/L. All medication was stopped 
upon admission. The patient was then given aceta- 
zoleamide 5¢0 mg. Within 12 hours she experienced 
diaphoresis, hypotension, and abdominal pain. Her 
pulse became weak and thready. She was treated 
with intravenous hydrocortisone (100 mg. in iso- 


tonic saline) and responded well. 


Case 4.—A 50-year-old white woman had been 
diagnosed as having Addison’s disease two years 
previously. She had a positive Robinson-Kepler- 
Power water test and corticotropin test. For two 


DISEASE 


months prior to her admission the patient had had 
progressive weakness. She had had her last desoxy- 
acetate implantation nine months 
previously and had been maintained on 12.5 mg. of 


corticosterone 


cortisone daily by mouth. Blood pressure on ad- 
mission was 115/75. There was a generalized brown- 
ish pigmentation of the skin, darker on the exposed 
surfaces. Laboratory data revealed the serum potas- 
sium to be 5.8 mEq/L.; chloride, 100 mEq/L., and 
Oral medication with- 
drawn (and base-line values were determined. Five 


sodium, 136 mEq/L. was 
hundred milligrams of acetazoleamide was given. 
Except for moderate lethargy, no untoward subjec- 
tive or objective clinical changes were noted. How- 
ever, a second dose of acetazoleamide was withheld 
owing to the significant fall in serum sodium and 
rise in serum potassium. 

Case 5.—A 49-year-old white woman had been 
known to have Addison’s disease for two and one- 
that had had 
weight loss, hypotension, nausea, and salt craving. 


half years. At time she weakness, 
She was maintained on desoxycorticosterone ace- 
tate, cortisone, and salt and had done well on the 
regimen. She was admitted for reevaluation. Physi- 
cal examination revealed a blood pressure of 130/74 
There was hyperpigmentation of the skin and buccal 
mucosa. Upon admission all medication was with- 
drawn, and, after base-line studies were obtained, 
she was given 500 mg. of acetazoleamide. Twenty- 
six hours later she developed a mild hypotension, 
tachycardia, vomiting, and weakness. She responded 
well to intravenous. 9-a-fluorohydrocortisone. The 
urinary excretion of electrolytes is shown graphic- 
ally. 
RESULTS 

In all of the untreated Addisonian patients 
given acetazoleamide there was an increase 
in the urinary volume. In four of the cases 
there was an increase in the total excretion 


of sodium, potassium, and chloride. In one 


case (Case 3) there was a slight decrease 
in the total excretion of sodium and chloride 
and no significant change in the urinary 
potassium. 

Among the patients whose serum concen- 
trations of electrolytes are noted (Fig. 2), 
there was an increase in the serum potassium 
in four. Three patients showed a decrease 
in the serum concentration of sodium and 
chloride, while the fourth patient (Case 3) 
showed no change in the chloride and a 
sight increase in the serum sodium con- 
centration. In general, the serum electrolytes 
behaved in a fashion similar to that observed 


in patients in Addisonian crisis. Therefore, 
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response to acetazoleamide in 
(untreated ). 


Fig. 1—Urinary 
adrenal insufficiency 


in the absence of steroid therapy the patients 

reacted to acetazoleamide in a fashion similar 

to that of patients with intact adrenal glands. 
In association with these electrolyte 


changes, four of the patients manifested 


A 


|| References 3, 4, 8, and 11. 
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Fig. 2.—Serum response to acetazoleamide in 
adrenal insufficiency (untreated). 
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definite signs and symptoms of early adrenal 
characterized by some or all of the 


rapid thready pulse, a 


crisis, 
following symptoms: 
drop in blood pressure, dizziness, weakness, 
increased temperature, lethargy or restless- 
ness, hot dry skin, and headache or other 
The fifth patient showed only 
moderate lethargy. All cases responded rap- 
idly to intravenous adrenal steroid replace- 


body pains. 


ment therapy. 

Two patients were given additional doses 
of acetazoleamide after they had been stabil- 
ized on replacement therapy following the 
control of symptoms of early crisis. One 
case 


80 mg. per day in 


was maintained on oral hydrocortisone, 
divided doses. The 
other patient had had 150 mg. of desoxy- 
corticosterone acetate implanted subcutane- 
ously and was receiving 12.5 mg. of cortisone 
eight both patients 
was an increase in the urinary 
and the total urinary 
potassium, and chloride (Fig. 3). 


orally hours. In 


there 


every 
volume 
excretion of sodium, 
The serum 
electrolytes showed 
effect of 
zoleamide on the urinary excretion of electro- 
lytes after steroid therapy when compared 


concentration of these 


no significant changes. The aceta- 


CASE 


























Fig. 3—Urinary response to acetazoleamide in 
adrenal insufficiency (treated). 





ACETAZOLEAMIDE IN ADDISON’S 
with the effects obtained prior to steroid 
therapy revealed no qualitative difference. 
Neither patient showed any untoward clinical 
reactions to the acetazoleamide while they 
were maintained on the hormones. 


COMMENT 


It has been known that in patients with 
adrenal insufficiency there is a decreased 
urinary excretion of hydrogen and potassium 
ions, Pitts theorized that the adrenal steroids 
exert an “energizing” action in the renal 
tubule which results in an increased exchange 
of hydrogen and potassium ions for sodium 
ions across the cell membrane.’? The adrenal 
steroids have been shown to account for the 
the 
total tubular load of sodium by this mechan- 
ism.§ 


reabsorption of approximately 2% of 
The adrenal steroids also effect renal 


excretion of electrolytes by other mech- 


anisms.# 

The renal tubular exchange of ions is 
dependent in part upon the availability of 
hydrogen ions. One mechanism that has been 
demonstrated for providing hydrogen ions 
in the renal tubule is the rapid formation 
of carbonic acid from COs and H2O in the 
presence of carbonic anhydrase. The carbonic 
dissociated into 
hydrogen and HCO.’ Thus, it would seem 
reasonable to assume that the carbonic an- 
hydrase mechanism is independent of the 
ion transport system, which has been postu- 


acid, in turn, is rapidly 


lated to be influenced by the adrenal steroids. 

Our studies have borne out this contention. 
The 
was given responded to it in a manner sim- 
ilar to that of patients with intact adrenal 


Addisonians to whom acetazoleamide 


glands.* Since the carbonic anhydrase mech- 
anism was thus inhibited in our patients 
with adrenal insufficiency, it points to the 
fact that the carbonic anhydrase mechanism 
absence of physiological 


operates in the 


amounts of circulating adrenal hormones. 
In all four patients in whom adrenal 
crises were precipitated by acetazoleamide, 


{ References 5-7, 12, 14, and 16. 
# References 6, 12, 15, and 16. 


* References 3, 4, 8, and 11. 


DISEASE 


rapid and dramatic relief of symptoms was 


obtained by treatment with intravenous 
administration of compound F and/or 9-a- 
fluorohydrocortisone as well as with intra- 
muscular desoxycorticosterone acetate and 
stated that 


acetazoleamide does not alter the response 


cortisone. It can therefore be 
of the patient to adrenal steroids. 

It was also shown that the two -patients 
who received acetazoleamide while being 
maintained on adrenal cortical replacement 
therapy had increased urinary excretion of 
electrolytes but had no clinical manifestations 
of adrenal insufficiency. 

The possible use of acetazoleamide as an 
indirect test of the salt-retaining activity 
of the adrenal cortex is presented. The usual 
tests of adrenal cortical function, using 
corticotropin and the 
steroid response, may not be an accurate 
estimate of the salt-retaining activity of the 


measuring urinary 


adrenals, since it has been shown that the 
primary salt-retaining hormone of the adrenal 
(aldosterone) acts independently of corti- 
cotropin secretion.’ 


SUMMARY AND CONCLUSIONS 
The carbonic anhydrase inhibitor aceta- 
zoleamide five 
patients with adrenal insufficiency in order 
to determine possible interrelationships be- 


(Diamox) was given to 


tween the action of carbonic anhydrase and 
the adrenal cortical steroids on renal tubular 
function. 


In four of the patients the administration 
of acetazoleamide resulted in an increase in 
the urinary volume and total excretion of 
sodium, potassium, and chloride. The fifth 
patient showed an increased urinary volume 
with no significant change in the electrolytes. 

Four of the five patients manifested symp- 
toms of early adrenal crisis 12 to 36 hours 
after administration of the acetazoleamide. 
The patients responded rapidly to replace- 
ment therapy. Two of the patients were 
given acetazoleamide after they had been 
placed on maintenance steroid therapy. While 
showing the same urinary and electrolyte 
response, they did not manifest any untoward 
clinical signs or symptoms. 
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These results indicate that the carbonic 
anhydrase mechanism can operate in the 
absence of physiological amounts of adrenal 
hormones and that the ion-exchange mechan- 
ism in the kidney affected by the adrenal 
steroids can operate in the presence of 


acetazoleamide. 

The possibility of using acetazoleamide as 
an indirect test of the salt-retaining activity 
of the adrenal cortex is presented. 


This work was made possible, in part, by aid 
from the Institute of Nutrition and Food Tech- 
nology, The Research Development Fund, and The 
Comly Fund, all of The Ohio State University. 
Miss Sarah Jane Simcox and Mrs. Lily Yang 
Tchen gave technical assistance 


REFERENCES 

1. Conn, J. W.: Primary Aldosteronism, A 
New Chemical Syndrome, J. Lab. & Clin. Med. 45: 
3, 1955. 

2. Davenport, H. W., and Wilhelmi, A. E.: 
Renal Carbonic Anhydrase, Proc. Soc. Exper. Biol. 
& Med. 48:53, 1941. 

3. Friedberg, C. K.; Taymor, R.; Minor, J. B., 
and Halpern, M.: The Use of Diamox, a Carbonic 
Anhydrase Inhibitor, as an Oral Diuretic in Pa- 
tients with Congestive Heart Failure, New Eng- 
land J. Med. 248:883, 1953. 

4. Gilman, A., and Brazeau, P.: The Role of the 
Kidney in the Regulation of Acid-Base Metabolism, 
Am. J. Med. 15:765, 1953. 

5. Harrop, G. A.; Nickolson, W. M., 
Strauss, M. B.: Studies on Suprarenal Cortex: 
Influence of Cortical Hormones upon Excretion of 
Water and Electrolytes in Suprarenalectomized 
Dog, J. Exper. Med. 64:233, 1936. 

6. Jimenez-Diaz, C.: Death in Addison’s Dis- 
ease, Lancet 2:1135, 1936. 

7. Loeb, R. F., and others: Electrolyte Balance 
Studies in Adrenalectomized Dogs with Particular 
Reference to Excretion of Sodium, J. Exper. Med. 
§7:775, 1933. 


and 


A, 


ARCHIVES OF INTERNAL MEDICINE 

8. Maren, T. H.: Pharmacological and Renal 
Effects of Diamox (6063), a New Carbonic An- 
hydrase Inhibitor, Tr. New York Acad. Sc. 15:53, 
1952. 

9. Mosher, R. E.; Boyle, A. J.; Bird, E. J.; 
Jacobson, S. D.; Batchelor, T. M.; Iseri, L. T., 
and Myers, G. B.: The Use of Flame Photometry 
for the Quantitative Determination of Sodium and 
Potassium in Plasma and Urine, Am. J. Clin. Path. 
19:461, 1949. 

10. McLean, F. C., and Selling, L.: 
Simplication of Quantitative Determination of Chlo- 
ride in the Urine, J. A. M. A. 62:1081, 1914. 

11. Nadell, J.: The Effects 
Anhydrase Inhibitor “6063” on 
Acid-Base Balance in 2 Normal Subjects and 2 Pa- 
tients with Respiratory Acidosis, J. Clin. Invest. 
32:622, 1953. 

12. Pitts, R. F.: Effects of Cortical 
Hormones on Renal Function, in Adrenal Cortex: 
Transactions of the Third Conference, Nov. 15-16, 
1951, New York, Josiah Macy, Jr. Foundation Pub- 
lications, 1952, p. 11. 

13. Pitts, R. F., and Alexander, R. S.: The 
Nature of the Renal Tubular Mechanism for Acidi- 
fying the Urine, Am. J. Physicl. 144:239, 1945. 

14. Roemmelt, J. C.; Sartorius, O. W., and Pitts, 
R. F.: Excretion and Reabsorption of Sodium and 
Water in Adrenalectomized Dogs, Am. J. Physiol. 
159:124, 1949. 

15. Sartorius, O. W., and Roberts, K.: Effects of 
Pitressin and Desoxycorticosterone in Low Dosage 
on Excretion of Sodium, Potassium and Water by 
Normal Dog, Endocrinology 45:273, 1949. 


Further 


the Carbonic 


Electrolytes and 


of 


Adrenal 


16. Thorn, G. W., and others: Pharmacological 
Aspects of Adrenocortical Steroids and ACTH in 
Man, New England J. Med. 248:232, 1953. 

17. Van Slyke, D. D., and Neill, J. M.: The 
Determination of Gasses in Blood and Other Solu- 
tions by Vacuum Extraction and Manometric 
Measurement, J. Biol. Chem. 61:623, 1924. 

18. Wilson, D. W., and Ball, E. G.: A Study of 
the Estimation of Chloride in Blood and Serum, 
J. Biol. Chem. 79:221, 1928. 








Treatment in Internal Medicine 


TREATMENT OF GOUT 


CHARLEY J. SMYTH, M.D. 
ELSTON R. HUFFMAN, M.D. 

and 

GEORGE M. WILSON, M.D., Denver 


APID progress has been made in recent 

years in the management of gout, one of 
man’s oldest diseases. Today the patient with 
gouty arthritis can be effectively relieved dur- 
ing acute attacks and protected from recur- 
rent bouts, and if tophi exist they can be 
reduced in size. This optimistic outlook de- 
pends, first, upon the physician’s knowledge 
of the therapeutic measures available and, 
second, upon the patient’s willingness to 
submit to uninterrupted life-time therapy. 

Few illnesses follow such a set clinical 
pattern as does classical gout. Hench has de- 
scribed two stages—that characterized by 
recurrent episodes of acute joint inflamma- 
tion followed by complete, but temporary, 
remissions (intercritical periods) and that 
of chronic gouty arthritis, or tophaceous 
gout. Because asymptomatic hyperuricemia 
(larval gout) precedes for some time attacks 
of acute joint symptoms, it is proposed that 
this part of the total disease be designated 
as the first stage of gout. For the purpose of 
this presentation, the natural course of the 
disease will be considered in three parts: 
Stage I, asymptomatic hyperuricemia ; Stage 
II, acute intermittent gouty arthritis, and 
Stage III, chronic gouty arthritis. There are 
reliable diagnostic features of each of these 
stages of gout, and therapy varies with the 
o<ecithditiasicnensen 
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States Service, research 


progress of the disease. In Figure 1 the rela- 
tionship of treatment to clinical status is 


shown. 


TREATMENT OF STAGE I GOUT 
Since recent studies indicate that gout is 
a familial disease transmitted from parent to 
child,* it is impossible to prevent its occur- 
rence; however, the relatives of known pa- 
tients with gout who have hyperuricemia 
without symptoms should be informed that 
they are potential gout victims. These persons 
predisposed by hereditary hyperuricemia may 
or may not develop joint symptoms and are 
advised to avoid obesity, excessive trauma to 
joints, or excessive high-purine foods, all 
known provocatives of acute gouty arthritis. 
At present the use of uricosuric agents in this 


prearthritic stage is not recommended. 


TREATMENT OF STAGE II GOUT 

The problems of treatment in the second 
stage of gout can be divided into two parts; 
first, the management of the acute bouts of 
severe joint inflammation and, second, pre- 


ventive measures employed in the intervals 


between the acute attacks of arthritis of gout. 


Acute ATTACKS 


General Measures.—The use of local rest 
by protecting the part with splints and a 
cradle and narcotics for pain are useful aids 
in the control of pain in the first hours of an 
attack before the specific drugs become effec- 
tive. The effectiveness of drug therapy is 
enhanced by bed rest. 

Oral Colchicine.— This alkaloid of the 
meadow saffron continues to be the drug of 
choice in handling the acute attack by the 
majority of authorities. Its oral use has been 
proved to be a dependable, safe, and almost 
uniformly effective therapy, and it is gener- 
ally accepted as the “standard” in the control 


* References 2 and 3. 
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CLINICAL COURSE OF CLASSICAL GOUT 
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of acute attacks of gouty arthritis. To obtain 
the maximum results, it should be given at 
the first appearance of symptoms of a gouty 
attack. The alkaloid is available in 0.53 and 
0.65 mg. (1/120 and 1/100 grain) tablets. 
One tablet of colchicine should be taken every 
hour until pain is relieved or until either 
nausea or loose bowel movements occur. The 
number of tablets required for the average 
attack varies among individual persons from 
8 to 16 tablets (average, 10). The patient 
soon learns the optimum number of tablets 
to get the best therapeutic results without 
producing undesirable gastrointestinal symp- 
toms. Once the dose is determined, the de- 
sired response can be obtained in subsequent 
attacks by stopping one tablet short of the 
dose which produced toxic symptoms on the 
first trial. The secret of success is to begin 
therapy early: the dramatic response to oral 
colchicine does not occur if therapy is begun 
several days after the onset of joint symp- 
toms. If the results with one course of oral 
colchicine are incomplete, a second course 
may be given after an interval of three or 
four days. 
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Intravenous Colchicine.—Recently the use 
of intravenous colchicine has been reported 
favorably by several careful investigators. 
Those who have used the intravenous route 
have found it safe, rapid, and effective. The 
amount used has varied from 0.25 to 6 mg. 
in 3 to 10 cc. of isotonic saline in a single 
Finn’ is strongly against the intra- 
venous administration of more than 1 


dose. 
mg. 
and considers a 3 mg. dose as “heroic.” The 
major advantage of this route of administra- 
tion is the absence of gastrointestinal upset, 
and it is especially suitable for postoperative 

attacks of gouty arthritis. 
Demecolcine t (Desacetylmethylcolchicine ; 
have 


8 


Colcemid).— Recent investigations § 
shown that demecolcine is considerably less 
toxic in laboratory animals than colchicine. 
This new alkaloid is also derived from the 
sialic 

7+ References 4 and 6 and discussion on Graham 
and Roberts.5 

tA natural alkaloid isolated from the meadow 
saffron (Colchicum autumnale) and differing chemi- 
cally from colchicine in that a methyl group replaces 
an acetyl group at the N-position; supplied as 
Colcemid by Dr. John Saunders, of Ciba Pharma- 
ceutical Products, Inc., Summit, N. J. 








TREATMENT OF GOUT 

meadow saffron (Colchicum autumnale) and 
was first used clinically in the treatment of 
a variety of neoplastic diseases (chronic mye- 
loid leukemia, lymphosarcoma, Hodgkin’s 
disease, sarcoma, and lymphatic leukemia) .§ 
The use of intravenous demecolcine in the 
treatment of 20 patients with acute gout was 
reported by Kuzell, Schaffarzick, and Naug- 
ler.’° Of these 20 patients, 15 had complete 
remission within 48 hours after the admin- 
istration of 1 to 4 mg. of this drug. Four 
others had partial relief, and one had a poor 
result. The only undesirable side-action was 
the occurrence of diarrhea in two patients, 
and this followed the injections on two con- 
secutive days. In a recent report '' based 
upon experience with demecolcine adminis- 
tered orally to 10 patients with acute gout, 
the authors claimed striking relief of arthritic 
symptoms without gastrointestinal disturb- 
ances. Most of these patients received 1 mg. 
every hour for 5 to 8 hours, and improvement 
was noted in 8 to 24 hours after the initiation 
of treatment. From these limited experiences, 
this new drug appears to be effective when 
given orally without the risk of gastrointes- 
studies confirm 


tinal additional 


these original observations, demecolcine will 


upsets. If 


have distinct advantage over colchicine. Much 
more clinical study needs to be done before 
the toxicity can be established. 

Phenylbutazone.—Phenylbutazone (Buta- 
zolidin) is an effective agent in the treatment 
of acute attacks of gouty arthritis.|| In the 
largest series reported, 200 gouty patients 
were treated; major improvement was ob- 
served in 84% and minor improvement in 
14%, and only 3% failed to respond.’* In 
another report ** 10 patients with acute gouty 
arthritis were treated with phenylbutazone 
during 20 acute attacks. The daily dose was 
0.8 to 1.0 gm., given intramuscularly or 
orally. In 19 of the 20 attacks, subjective 
relief occurred within 24 hours of the begin- 
ning of therapy; the disappearance of all 
objective signs was considerably slower. In 
many patients with acute arthritis, the re- 
sani 

§ References 8 and 9. 


References 12-16. 


sponses to phenylbutazone are described as 


more satisfactory than the responses to col- 
chicine. 

This compound is of particular interest in 
acute gout for several reasons: (1) In our 
hands it has produced a good clinical respanse 
in every patient treated thus far; (2) it can 
be given by mouth and in our experience has 
produced no gastrointestinal symptoms or 
other ill effects; (3) it lowers the serum 
urate and in our laboratory produces an in- 
crease in the urinary excretion of urate *°; 
(4) in a small number of patients (four) 
with chronic gout maintained on long-term 
oral phenylbutazone, only minor joint symp- 
toms have been observed. 

This synthetic pyrazol derivative has been 
used in the clinic and hospitals affiliated with 
the University of Colorado in the treatment 


J 


of 50 patients with 65 acute episodes of gout." 
A variable dose schedule was employed, and 
a similar pattern of clinical response has been 
obtained in all attacks treated. The first ob- 
served clinical change following institution 
of therapy was an abrupt marked sympto- 
matic relief of the intense pain. The time of 
pain relief was found to coincide with the 
attainment of an effective serum 
phenylbutazone level between 2.1 and 3.9 mg. 
per 100 cc. This level we have designated as 


time of 


the effective “zone of pain relief.” The other 
signs of inflammation were found to respond 
best to the intermittent administration of the 
drug over the subsequent three- to four-day 
period. The clinical response in one patient 
in this series with a typical attack of acute 
gout is summarized in Figure 2. On the first 
day this patient was given 800 mg. of phenyl- 
butazone orally as a single initial dose, with 
200 mg. at 3, 5, and 11 hours later. There- 
after, 300 mg. was given daily for the next 
two weeks. Complete pain relief occurred 
within the first 12 hours; the other signs of 
inflammation continued until the following 
morning (24 hours). 

In this study it was observed that the time 
of pain relief was directly related to the dose 
and to the serum phenylbutazone level. In 12 
aoamainstiinaibinns 


{ References 12-14. 
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different patients using various doses, the 
serum phenylbutazone level was determined 
at the time when pain relief occurred. It was 
observed that the serum drug level at this 
time varied within narrow limits, from 2.1] 
to 3.9 mg. per 100 cc. in 11 of 12 instances. 
Further, the time required to attain this 
effective serum drug level range was in- 
versely proportional to the magnitude of the 
initial drug dose. 

As a result of these studies, it is recom- 
mended that the initial dose be between 400 
and 800 mg., to be followed in two hours 
and four hours by 200 mg. In this way, be- 
tween 800 and 1200 mg. are given during 
the first 24 hours. During the following two 
to three days, 300 to 400 mg. daily in divided 
doses is recommended until all signs of joint 
inflammation have disappeared. Continuation 
of therapy beyond four days is not necessary 
in the majority of patients. 

In this study particular attention has been 
given to the question of toxicity. To date, no 
toxic reactions have been observed. Phenyl- 
butazone is as effective in controlling acute 
attacks of gout as is colchicine. Additional 
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2ND WEEK 


clinical experience will be required before the 
question of relative toxicity of these two 
drugs can be settled. 

An analogue of phenylbutazone in which 
the butyl side-chain is replaced by a phenyl 
thioethyl group | G-25671) has been reported 
to be effective in controlling acute gout and 
to be a more potent uricosuric agent.# Fur- 
ther experience in long-term studies is needed 
to evaluate this drug in the treatment of 
chronic gouty arthritis. It is still an experi- 
mental preparation. 

Hormones.—Corticotropin (ACTH) gel, 
cortisone, hydrocortisone, and prednisone 
have all been demonstrated to control acute 
attacks of gout. When corticotropin in doses 
of 50 to 100 units is given intramuscularly 
or in an aqueous preparation of 20 units is 
given by the intravenous route over a six- 
hour period, symptoms promptly disappear ; 
however, there is a tendency for a return of 
symptoms if this hormone is the sole thera- 
peutic agent.* Oral colchicine (1 to 2 mg.) 
or phenylbutazone (300 to 400 mg.) given 

# References 20 and 21. 


* References 22 and 23. 





TREATMENT OF GOUT 

daily during and for three to four days after 
administration of the hormone effectively 
overcomes this tendency and permits full 
advantage to be taken of the rapid termina- 
tion of an acute attack that corticotropin can 
produce. 

Administration of cortisone in large doses 
(200 to 300 mg.) produces subsidence of the 
clinical manifestations of acute gout. How- 
ever, as with corticotropin, withdrawal of 
cortisone usually results in an acute recur- 
rence of symptoms ; failures are frequent, and 
some patients suffer intensification of their 
signs and symptoms during cortisone medi- 
cation. The 
prednisone and prednisolone, have not been 


recently introduced steroids, 
used in a large enough series to warrant 
evaluation. The use of steroid therapy is not 
recommended unless all other methods of 
treatment have failed. 

Hydrocortisone acetate ** and the new 
long-acting steroid, tertiary butylhydrocorti- 
sone acetate (TBA),+ when injected into 
acutely inflamed gouty joints, have resulted 
in dramatic improvement within two to four 
hours. Unless this treatment is accompanied 
by systemic therapy, the beneficial results on 
the local symptoms may be followed by a 
flare-up of the joint inflammation. 


INTERCRITICAL PERIODS 
The aim of therapy following the acute at 
tack is the reduction of the frequency and 


severity of recurrences and ultimately the 


prevention of future episodes of acute joint 


symptoms, destructive changes in joints, and 
renal and vascular complications, Significant 
advances have been made during recent years 
in the long-term treatment. It is the responsi- 
bility of the physician to impress the patient 
with this illness of the necessity for faithfully 
adhering to a prescribed regimen throughout 
the remainder of his life. 

Diet in Intercritical Therapy.—Al\though 
it is widely accepted that the diet of the 
patient with gout should be low in purine-rich 
foods, there is no altogether convincing evi- 


+ Hollander, J. L.: 


the authors. 


Personal communication to 


dence to prove that adherence to a rigid low- 
purine diet reduces the frequency of attacks 
of acute gout or prevents the development of 
chronic joint symptoms or the complications 
of the disease. Isotope studies have shown 
that patients with gout are able to synthesize 
uric acid from the simplest chemical units of 
fats, carbohydrates, and proteins. Thus, it is 
not possible by dietary restriction of pre- 
formed purines to prevent the production of 
uric acid. This evidence casts serious doubt 
upon the value previously placed upon ad- 
herence to a rigid purine-free diet. Gutman *° 
points out that the quantity of uric acid 
formed may be increased 100% by a high 
purine intake and to a less degree by large 
amounts of muscle protein. Furthermore, a 
high-fat diet causes uric acid retention by 
diminishing renal excretion of uric acid. Con- 
sequently, it seems advisable to avoid the 
high-purine foods (liver, tongue, sardines, 
anchovies, and meat extracts) and to pre- 
scribe a diet poor in fat with the protein not 
excessive. Any specific foods known to pre- 
cipitate attacks should be omitted. 

Urate Diuretic Agents—Convincing evi- 
dence from a number of observers has been 
presented in recent years which clearly indi- 
cates that the frequency and severity of at- 
tacks can be markedly reduced by restoring 
and maintaining the total body stores of 
urates at a normal level.t This is accom- 
plished by the daily administration of urate 
diuretics (uricosuric drugs), probenecid 
(Benemid), or salicylates. By means of un- 
interrupted therapy with these agents, depo- 
sition of uric acid in tissues is reduced or 
prevented and existing tophi have been shown 
to decrease measurably in size. The para- 
doxial retention of uric acid by all uricosuric 
drugs when administered in low dosage, re- 
cently emphasized by Yu and Gutman,** is 
not generally known. The success of urate 
diuretic therapy, therefore, depends upon the 
maintenance of an adequate drug concentra- 
tion. Marson,”’ a British worker, considered 
that continuous sodium salicylate therapy of 
90 or more grains (5.4 gm.) per day consti- 
——— 


t References 22 and 25-27. 
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tutes the most practical method for control- 
ling the levels of uric acid of chronic gout. 
Observers in America report that few pa- 
tients can tolerate such large doses of salicyl- 
ates indefinitely. Doses less than 60 grains 
(3.6 gm.) per day definitely produce urate 
retention.** 

Probenecid —It is now generally agreed 
that probenecid is a satisfactory urate diuretic 
for protracted daily administration to reduce 
the amount of total body uric acid. It acts by 
blocking the tubular absorption of glomerular 
filtered urate. It requires a dose of 0.5 gm. 
two to four times a day to reduce the blood 
serum level to normal, and in the majority of 
patients the daily dose is 1.0 to 1.5 gm. ; some 
will require 2.0 gm. per day. Salicylates given 
simultaneousiy with probenecid annul the 
diuretic action, and therefore these two drugs 
should not be given together. The mainte- 
nance dose for an individual patient can only 
be arrived at by serial determinations of the 
serum urate level. The dose is that amount 
required to keep the serum urate at a normal 
level. A high fluid intake and alkalinization 
of the urine during the early phase of pro- 
benecid therapy is advised by some; it is our 
practice to recommend these measures in 
patients with suspected or proved urinary 
calculi. Probenecid is of no value in acute 
attacks, and it may even precipitate more 
frequent attacks during the first several 
months of its administration. If acute joint 
symptoms should occur during probenecid 
therapy, colchicine, demecolcine, or phenyl- 
butazone is indicated in the usual amounts ; 
probenecid should be continued without 
change in dosage. Probenecid has no direct 
effect upon relieving pain and inflammation 
in acute bouts of gouty arthritis. 

The question is frequently raised: When 
should probenecid be started? Ideally, indefi- 
nite urate diuretic therapy should be insti- 
tuted whenever the diagnosis of gout is 
established. However, few patients will ad- 
here to this rigid regimen. This is particularly 
true when they have experienced only one 
or more attacks and these with long intervals 
(months or years) of complete freedom. It 


) 


is our practice to recommend this drug in 
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those patients who are having three or four 
attacks per year and who have themselves 
become sufficiently impressed with the seri- 
ousness of their illness that they will, in all 
probability, be willing to submit to a rigid 
program of uninterrupted daily drug admin- 
istration. Unless the patient has reached that 
stage of the disease when he becomes con- 
cerned about its crippling potentialities, he 
is not likely to adhere to the regimen of daily 
probenecid therapy. Some few patients may 
be sufficiently conscientious to stick to a long- 
term program after suffering only a few bouts 
of acute gout, and these persons may be ex- 
pected to avoid future attacks and the com- 
plications of this disease. 

Probenecid Plus Phenylbutazone. — The 
observation that probenecid used in combina- 
tion with salicylates blocks the uricosuric 
effects which are manifest when either agent 
is administered alone has been reported by 
several observers. The question therefore 
arises whether, under similar circumstances 
of long-term probenecid therapy, phenylbuta- 
zone will influence the urate diuretic action 
of the former drug or will augment this renal 
effect. Five patients with chronic gout were 
maintained on 300 to 600 mg. of phenylbuta- 
zone, and daily determinations of the serum 
urate and drug concentration were made. 
After five to seven days, 1.5 gm. of probene- 
cid was also administered for five to eight 
days. In each instance, when probenecid was 
added the serum urate decreased and there 
was no significant change in the serum 
phenylbutazone level. Table 1 summarizes 
the result in these five patients. 

Maintenance Colchicine.— The uninter- 
rupted use of 0.5 to 2.0 mg. of colchicine 
daily has been recommended during the in- 
tercritical periods for the prevention of acute 
gouty arthritis.§ If an acute exacerbation 
does occur on this colchicine prophylaxis 
regimen, the dosage is then raised to full 
therapeutic levels as promptly as possible. 
Insufficient published data are available for 
final evaluation of this plan for diminishing 
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the frequency of attacks, and it has not been 
adopted in our clinic. 

Maintenance Phenylbutazone.—The use of 
phenylbutazone in the intercritical phase of 
Stage II gout has been reported and is still 
being investigated by several groups in this 
country and in Europe. Steinbrocker ** main- 
tained 10 patients on 200 to 800 mg. of 
phenylbutazone for a period of six months 
to two years; in 2 patients chronic intermit- 
tent joint pain had been alleviated, the fre- 

attack had lessened in 3 
patients, and this regimen had failed to elim- 
inate attacks in 5 patients. Kuzell and Schaf- 


quency of been 


farzick *° employed this drug as maintenance 


The Effect of Simultaneous Administra- 
tion of Phenylbutazone and Probenecid 


TABLE 1 
upon Serum Urate 


Phenylbutazone plus 
Phenylbutazone Alone Probenecid 
Mean Mean — 


Dose 
Pheny! Serum Serum 
butazone, Urate Dose Urate, 
Mg Mg. Probenecid, Mg. 
Case Day 100 Ce. Gm./Day 100 Ce. 
l 200 8.3 (6) * 1.5 (5) t¢ 5.7 
3800 8.6 (4) 20 (8) 7.5 
400 8.2 (6) 1.5 (5) 5.8 
4 400 7.3 (4) 1.5 (6) 4.0 
600 2.9 (3) 1.5 (6) 2.6 
Mean 7.06 5.1 


* Numbers in parentheses indicate days on phenylbuta- 
zone prior to adding probenecid. 

+ Numbers in parentheses indicate days on both phenyl- 
butazone and probenecid. 
therapy in doses of 200 to 800 mg. per day 
in 36 patients with chronic gout, and, of 
these, 27 showed a decreased frequency of 
acute attacks. In another series of 16 patients 
with chronic gout, the minimal effective daily 
dose of phenylbutazone varied between 0.4 
and 1.0 gm. administered orally.1* Among 
these patients the number of severe acerba- 
tions during treatment was 3, as compared 
with 60 during an equivalent period imme- 
diately before therapy. 

Asa part of a long-term study of the urico- 
suric effect of phenylbutazone, the drug was 
administered to five gouty and four nongouty 
arthritics. The daily oral dose varied from 
300 to 600 mg. per day. Renal clearance 
determinations were made on each subject at 
intervals of one to three months during the 


long-term continuous drug administration. 
The changes in the serum urate and the 
plasma clearances of inulin, p-aminohippu- 
rate, urate, sodium, chloride, and potassium 
were correlated with the serum phenylbuta- 
zone levels. 

The five gouty subjects had a decrease in 
the mean serum urate level from a control 
of 8.16 to 6.74 mg. per 100 cc., a decrease of 
17.4%, while the mean clearance of urate to 
clearance of (Cyr/Cm) in- 
creased 78.1%. The nongouty subjects had 


inulin ration 
a mean decrease in their serum urate from a 
control of 4.65 to 3.73 mg. per 100 cc., a 
decrease of 19.8%. At the same time, the 
nongouty subjects had rise in the mean 
Crr/Cin of 58.9%. Therefore, a marked in- 
crease in the clearance of urate is not accom- 
panied by a proportionate decrease in the 
serum urate. 

Previous short-term experiments have in- 
dicated that serum phenylbutazone levels 
above 10 mg. per 100 cc. are necessary for 
a satisfactory uricosuric effect.’ On the dos- 
age schedules employed in the present study, 
two gouty and three nongouty subjects had 
periods during which the serum phenylbuta- 
zone level exceeded 10 mg. per 100 cc. The 
mean decrease in serum urate for the two 
gouty subjects was 27% ; the mean decrease 
in serum urate for the three nongouty sub- 
jects was 30.3%. 

The effect of the long-term administration 
of phenylbutazone to a single gouty subject 
is shown in Table 2. This gouty patient, age 
47, received 400 mg. of phenylbutazone by 
mouth daily for 265 consecutive days. After 
each period of treatment studies were made 
of the serum drug level of phenylbutazone, 
and the serum urate concentration and the 
renal clearance of iriulin (Cy,), p-aminohip- 
purate (PAH), and urate (Cy,) were meas- 
ured. These data indicate that the serum 
urate is not consistently reduced below the 
control values with the daily oral adminis- 
tration of 400 mg. of phenylbutazone. The 
uricosuric effects of phenylbutazone are ap- 
parent in Periods 1 and 2, when the serum 





|| All clearance ratios in this paper have been 
multiplied by 100. 
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present for several weeks, several courses of 


drug level was 12.5 and 13.2 mg. per 100 cc., 
colchicine or continuous phenylbutazone will 


respectively. When the drug levels were less 
than 10 mg. per 100 cc. (Periods 3, 4, and 
5) the serum urate and Cy,/Cy, were not sig- 
nificantly altered from the control period. 


be required to control the symptoms. 
Probenecid in this stage has been shown 

to have an important place in therapy and is 

recommended in all instances. It is effective 


It is apparent that the long-term adminis- 
in preventing attacks of acute gout and in 


tration of low doses (300 to 600 mg. per day) 
of phenylbutazone will decrease the frequency 
and severity of acute attacks of gout but that 
these doses do not consistently reduce the 


relieving the chronic joint pains. By increas- 
ing the urinary excretion of uric acid, sub- 
cutaneous, articular, and osseous tophi have 
serum urate. Doses higher than those used been caused to regress. 
in this study are poorly tolerated. Therefore The value of the adherence to a vigorous 
this drug is not recommended for its long- purine-free diet in preventing recurrences of 
gouty arthritis has evoked considerable dis- 


It is now certain 


term uricosuric effects. 
cussion in recent 
from studies using isotope technique that in- 


years, 
TREATMENT OF STAGE III GOUT 


It is the presence of tophi and low-grade gested preformed purines are by no means 


chronic arthritis which distinguishes chronic the only source of uric acid, since they can 


TasBL_E 2.—The Long-Term Effects of Phenylbutazone on Serum and Urate Clearances* 


Serum Drug 


Day of Level, Serum Urate, C1n,t Crpan,t 


Study Mg./100 Cc 
Control period lst 00.00 
Period 1 ? : 33d 12.5 
Period 2.. a 61st 3 
Period 3....... + 90th 
146th 
265th 


Period 4... 
3 y Meee reee ee 


* Results in one patient, aged 47, given 400 mg. of 
+ Cin, clearance of inulin; Cran, clearance of 
ance. 


gouty arthritis, or tophaceous gout (Stage 
III). Acute attacks of inflammation in joints 
and bursae continue and, although super- 
imposed on the previously damaged joints, 
have the same signs and symptoms as those 
which occur repeatedly in Stage II. The aim 
of therapy is to control the acute symptoms 
of the intermittent acute flare-ups, to reduce 
the stiffness and the low-grade aching pains 
of the chronic arthritis and decrease the size 
of existing tophi, and to prevent the develop- 
ment of new tophi. 

The drugs used in the management of the 
acute attacks in Stage III are the same as 
those used in Stage II, and the manner of 
their administration is also the same. The 
response to treatment of the acute bouts may 
not be as complete nor as dramatic as in the 
earlier stages. If treatment is started when 
the episode of acute joint distress has been 
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Mg./100 Ce. Ce./Min. Ce./ Min. 
7 84.45 448.75 
96.50 403.25 
78.50 882.00 
399.25 
343.57 


346.56 


89.53 


phenylbutazone orally for 265 days. 
p-aminohippurate; Cur/Cin, ratio of urate clearance to inulin clear- 


be synthesized by the gouty person from the 
simplest derivatives of carbohydrate, fat, and 
protein. At present our policy regarding diet 
is based upon the knowledge that complete 
control of urate formation by diet regulation 
is impossible and upon the practical diffi- 


culties of a rigorous lifetime control in per- 
sons who have been in the habit of eating a 
rich diet. It is our opinion that these patients 
should omit foods high in purines, such as 
liver, sweetbreads, kidney, sardines, and 
anchovies, which is not a hardship on most 
persons. In addition, moderate restrictions 
are placed on meats, fish, seafoods, beans, 
peas, and lentils. 

If tophi on the hands or feet become large 
and ulcerate, cause pain, or interfere with 
movement, surgical removal may be neces- 
sary. The incisions heal rapidly, and recur- 
rences of any size are rare. 
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Postoperative attacks of gouty arthritis 
may be controlled by intravenous colchicine 
in doses of 3 mg. as a single injection; rarely 
is more than one dose required. This route 
of administration eliminates the risk of gas- 
trointestinal upsets from the oral use of col- 
chicine. Limited experience with the oral use 
of the new alkaloid demecolcine indicates that 
it relieves the acute symptoms of gout with- 
out the production of gastrointestinal dis- 
turbances. If these observations are con- 
firmed, this drug will be especially suitable 
for attacks of gout occurring after operations. 


SUMMARY 

Significant advances in the treatment of 
acute and chronic gout have been made in 
recent years. The management of gout, in 
contrast to most other forms of arthritis, can 
be approached with a sense of optimism. 
Acute attacks of gout are effectively con- 
intravenous colchicine, 


trolled by oral or 


demecolcine (Colcemid), and phenylbuta- 
zone (Butazolidin). Probenecid (Benemid) 
has an important place in the long-term ther- 
apy of chronic gout, but it has no effect in 
the treatment of single episodes of gouty 
arthritis. Once the diagnosis is established, 
it is the responsibility of the physician to 
impress the patient with the necessity for 
life-long treatment. 
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Case Reports 


CANICOLA FEVER WITH MENINGITIS 


A Report of Three Cases and an Epidemiological Study at Fort McClellan, Ala. 


CAPT. SAMUEL DVOSKIN (MC) 
and 
LIEUT. EDWARD W. HOOK (MC), U. S. Army 


NFECTION due to Leptospira canicola 

is common in dogs but is transmitted 
infrequently to man despite their close asso- 
ciation. Although several hundred human 
cases are recorded in the world literature, 
the number reported in the United States has 
been relatively few. There are 15 reports * 
which cover a total of 32 sporadic cases and 


2 accounts + 


of group outbreaks, which to- 
gether amount to an additional 35 cases. It 
is probable that L. canicola was the offend- 
ing organism in still another group outbreak 
in which 24 persons were involved.*® 

The following is a report of three cases 
of meningitis due to L. canicola admitted 
to the U. S. Army Hospital at Fort McClel- 
A study 
of the source of these infections and an epi- 


lan, Ala., in the summer of 1952. 


demiological survey of the reservoir of 


infection at Fort McClellan is included. 
REPORT OF CASES 

Case 1.—A 23-year-old white man was admitted 
on July 29 with complaints of generalized aches and 
malaise. His past history was negative. There was 
no history of mumps or recent exposure to mumps. 
He related that his dog had been sick for the past 
month. On several occasions he had wiped up the 
dog’s urine and vomitus from the floor of his home. 
On admission his temperature was 101 F orally; 
blood pressure, 110/70; pulse rate, 100. Complete 
examination failed to reveal any abnormality except 
for moderate left cervical lymphadenopathy. Labo- 
blood cell 
count, urine, and serologic tests. Brucella, typhoid, 
paratyphoid, tularemia, OX-19, and heterophile ag- 
glutinations were negative. The chest x-ray was 
pa 
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ratory examinations revealed normal 


normal. On July 30 the patient became afebrile 
and asymptomatic. On Aug. 1 he became febrile, 
with temperature of to 102 F; had a slight chill, 


and complained of occipital headache and joint 
pains. He ran a low-grade fever (temperature of 
100.2 F) until Aug. 3, when he complained of head- 
ache, anorexia, nausea, and stiff neck. Examination 
that he had 
3rudzinski sign was equivocal. 


revealed for the first time marked 
nuchal rigidity. The 
A lumbar puncture was performed, and the spinal 
fluid pressure was 230 mm. The analysis of the 
fluid revealed 405 cells, of which 18% were neutro- 
philes and 82% were lymphocytes. The spinal fluid 
sugar was 48 mg. per 100 cc.; total protein, 67 mg. 
per 100 cc. Spinal fluid serologic tests were nega- 
tive. A Gram stain and acid-fast stain of the sedi- 
ment failed to reveal any bacterial organisms. Spinal 
fluid culture was negative for bacteria and acid-fast 
bacilli. Immediately after the lumbar puncture, the 
patient vomited blood-stained material. The next 
morning he became afebrile and was completely 
asymptomatic. He remained so for the remainder of 
his hospital stay. A repeat lumbar puncture on Aug. 
8 revealed 52 cells, of which 18 were neutrophiles 
and 34 were lymphocytes. The spinal fluid sugar at 
that time was 60 mg. per 100 cc.; chloride, 740 mg. 
per 100 cc.; total protein, 30 mg. per 100 cc. Com- 
plement-fixation studies for mumps virus were posi- 
tive 1:16 on the serum obtained on July 29 and 
1:32 on the serum obtained Aug. 18. The lepto- 
spira agglutination-lysis test showed a sixteenfold 
increase in antibody titer against L. canicola during 
convalescence (Table 1). Leptospires were not iso- 
lated from urine collected on the 57th day after 
onset of illness. 

Case 2.—A 6-year-old white boy was admitted to 
the hospital on Aug. 21 with complaints of fever, 
malaise, increasingly severe headache, and vomiting 
for two days. Past history and systems-review were 
negative. There was no history of contact with dogs. 
The family owned a cat, which had been in the 
household for a year and which was well. Physical 
examination of the patient on admission revealed an 
acutely ill child with a temperature of 102.4 F 
orally; pulse rate, 120; respirations, 30. Complete 
examination was negative except for the presence 
of nuchal rigidity with a positive Brudzinski sign. 
The liver was tender and palpable 2 fingerbreadths 
below the costal margin in the right midclavicular 
line on deep inspiration. Laboratory examination on 
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admission revealed a leucocyte count of 15,900, with 
93% neutrophiles and 7% lymphocytes. Results of 
urinalysis were normal except for the presence of 
a trace of albumin. Serologic test was negative. 
Agglutination studies were negative for typhoid, 
paratyphoid, brucella, tularemia, and OX-19. On 
Aug. 22 serum bilirubin was 0.5 mg. per 100 cc.; 
thymol turbidity, 0.5 unit. Lumbar puncture was 
performed on admission, and the spinal fluid pres- 
sure was 190 mm. The spinal fluid contained 27 
cells, of which 23 were lymphocytes and 4 were 
neutrophiles. The spinal fluid sugar was 65 mg. per 
100 cc.; protein, 15 mg. per 100 cc. The Pandy test 
was negative. Gram and acid-fast stains of the sedi- 
ment were negative for bacteria. Spinal fluid culture 
was sterile. Without specific therapy the tempera- 
ture fell to normal 18 hours after admission and 
remained normal except for a spike to 100.6 F on 
the fourth and to 101 F on the fifth hospital day. 


TasLe 1.—Titer of Antibodies Against Leptospira 


in the Serum of the Cases Reported 


Titer * 
Ictero- Mitis 
hemor- (John- 
rhagiae son 


Date 
Obtained 


July 29 400 200 
Sept. 10 6,400 400 
March 13 800 200 
1,600 <200 
51,200 400 
6,400 800 


12,800 800 


Serum 
Source 


Case 1 


Canicola 


Aug. 27 
Sept. 


Case 2 


Sept. 
Sept. 2% 


Case 3 


* Titers expressed as reciprocal of highest dilution giving 
2+ agglutination or greater. 

On the 7th hospital day the patient became asymp- 
tomatic, and on the 10th hospital day the neck 
stiffness disappeared. The leucocyte count on Aug. 
22 was 11,100, with 73% neutrophiles and 27% 
lymphocytes, and on Aug. 26 it was 9400, with 24% 
neutrophiles and 76% lymphocytes. A thirty-two- 
fold increase in antibody titer against L. canicola 
was observed during (Table 1). 
Leptospires were not isolated from the urine col- 
lected 36 days after onset of illness. 


convalescence 


Case 3.—A 46-year-old white man was admitted on 
Sept. 8 with complaints of malaise, nausea, vomiting, 
and fever of one day’s duration. He had vomited 
four times prior to admission. Past history was neg- 
ative except for mumps orchitis at age 18 years and 
left inguinal lymphadenopathy which required sur- 
gical drainage at age 25 years. He had been in con- 
tact with his dog, which had recently been ill with 
conjunctivitis. On admission the patient appeared 
acutely ill. His temperature was 104.2 F orally; 
B. P., 110/70; pulse rate, 86; respirations, 16. A 
well-healed scar was present in the left groin, and 
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the left testis was atrophic. Complete examination 
was otherwise normal. Laboratory examination on 
admission revealed a leucocyte count of 13,100, with 
90% neutrophiles, 4% lymphocytes, 5% monocytes, 
and 1% eosinophiles. Hemoglobin was 13.5 gm. per 
100 cc. Urinalysis, serologic tests, stool examina- 
tion for blood and parasites, smears for malaria, 
blood cultures, and typhoid, paratyphoid, brucella, 
tularemia, and OX-19 and heterophile agglutinations 
were negative. Leucocyte count on Sept. 11 was 
5400, with 62% 

monocytes, and 3% 
bilirubin was 0.4 mg. per 100 cc.; a sulfobromoph 
thalein (Bromsulphalein) test on Sept. 17 revealed 


neutrophiles, 34% lymphocytes, 1% 
eosinophiles. On Sept. 12 serum 


2% dye remaining in the serum at 45 minutes. On 
Sept. 14 the sedimentation rate was 36 mm. in one 
hour. On Sept. 11, three days after admission, the 
patient was started on aqueous procaine penicillin, 
600,000 units daily, because of the report of an ad- 
8-hemolytic 


culture positive for 


streptococci. The patient remained febrile for six 


mission throat 
days after admission, his temperature spiking to 
102 F 
modify 
tinued on Sept. 14. On that day h 


daily. Because of failure of penicillin to 


his clinical course, this drug was discon 
suddenly de 
veloped headache and was found to have marked 
nuchal rigidity. A lumbar puncture was performed, 
and the fluid was found to be under normal pres 
sure and to contain 163 cells, chiefly lymphocytes 
Spinal fluid sugar was 52 mg. per 100 cc.; protein, 
56 mg. per 100 cc. Spinal fluid serology was nega- 
tive; colloidal gold curve was 1111110000. No bac 
teria were identified on Gram and acid-fast stains, 
and cultures remained sterile. The morning after the 
lumbar puncture the patient’s temperature became 
normal, and it remained normal throughout his hos- 
pital stay. The nuchal rigidity cleared two days 
after the lumbar puncture, and the patient remained 
asymptomatic and well. The leptospira agglutina 
tion-lysis test did not reveal a diagnostic rise in 
titer ; the 1 :6400 1 :12800 
against L. canicola were considered indicative of 
recent leptospiral infection (Table 1). Leptospires 
could not be isolated from urine collected 18 days 


however, titers of and 


following onset of illness. 


EPIDEMIOLOGICAL STUDIES 
Diagnostic Methods.—The 


animal inoculation, and performance of the agglu- 


methods of culture, 
tination-lysis test for leptospirosis were essentially 
similar to those outlined by Beeson and Hankey.!? 
Cultures for leptospires were made in Korthof's 
medium, incubated in the dark at 30 C, and ex- 
amined by dark-field microscopy at weekly intervals 
for four weeks before being considered negative. 
When attempts were made to isolate leptospires 
from urine, 50 ml. amounts were centrifuged at 
3000 rpm for 20 minutes ard the sediment there- 
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from inoculated intraperitoneally into two hamsters 
Blood for culture 


was obtained by cardiac puncture on the fifth day 


weighing about 20 gm. each. 


after inoculation. When death did not occur, ham- 
sters were killed 14 days after inoculation, and a 
suspension of liver and kidney was made which 
was cultured and reinoculated into two more haim- 
sters. In all instances two and occasionally three 
passages were made before the isolation attempt was 
considered negative. 

Living 7- to 10-day-old cultures of leptospires 
were used as antigen in the agglutination test. Equal 
quantities of antigen and serum dilution were mixed 
on glass slides and protected by cover slips; these 
were observed by darkfield microscopy after stand- 
room temperature for two hours. Agglutina- 


to 4 +. 


dilution of 


ing at 
tion was graded 14 and the end-point was 


considered the highest serum giving 
l 


(2+-). All serums were 


well-defined agglutination 
l 


screened initially in a dilution of 1: 200 against the 


following eight species of leptospires: icterohemor- 


rhagiae, canicola, pomona, hebdomadis, grippo- 


and 
screening test was positive, twofold serum dilutions 


tvyphosa, ballum, mitis, saxkoebing. If the 


were tested to determine the titer. The serological 
tests were considered diagnostic of leptospiral infec- 
tion when a fourfold or greater rise in antibody 
titer could be demonstrated during convalescence 
A titer of 1 
present leptospiral infection.t 


: 300 is considered evidence of past or 


Studies.—As 
indicated, urine the three 
human cases 57, 36, and 18 days following 
onset of illness did not yield leptospires. 


Serological 
from 


Isolation and 


collected 


Results of agglutination-lysis tests are shown 
in Table 1 and are considered indicative of 
recent L. canicola infection in each instance. 
The agglutination test was negative on sera 
the the 
mother of Case 2, the 
daughter of Case 3; were 
members of the households from which the 


obtained from wife of Case l, 


father and and 


these persons 
cases originated. 

L. canicola was isolated from urine ob- 
tained from the male cocker spaniel in the 
household of Case 1; this specimen was 
collected 57 days after onset of its master’s 
illness. The dog became progressively ill 
and was treated with daily doses of strepto- 
mycin and penicillin for one week. Because 
its condition appeared terminal, it was killed 
on Nov. 25. Leptospires were not isolated 


t References 19 and 20. 


after a suspension of fresh kidney obtained 
at autopsy was inoculated into hamsters. The 
kidneys were studied histologically and re- 
vealed evidence of small foci of interstitial 
inflammation, chiefly plasma-cell in type, in 
the cortex and, to a less degree, in the 
medulla. Silver impregnation stain failed to 
reveal spirochetes. L. canicola was also iso- 
lated the 
cocker spaniel from the household of Case 3. 


from urine obtained from male 
The positive urine was collected 18 days after 
onset of illness in Case 3. The identification 
of the leptospires as L. canicola was on the 
basis of cross agglutination procedures per- 
Division of the 
School, 


Serological studies on 


formed by the Veterinary 
Army Medical Service 
Washington, D. C. 
the dogs of Cases 1 and 3 and the cat of 


Graduate 


2.—Titer of Antibodies Against Leptospira 
in the Serum of the Animals in the Households 


T ABLE 
of the Cases Reported 


Titer * 


Mitis 
(John- 


son) 


letero 
hemor- 
rhagiae 


Date 


Serum Source Obtained Canicola 


Dog of Case 1 Sept. 10 12,800 200 


Cat of Case 2 Oct. 10 1) 0 


Dog of Case 3 Sept. 18 102,400 


* Titers expressed as reciprocal of highest dilution giving 
agglutination or greater. 


Case 2 are shown in Table 2. The dogs, both 


shown to be shedding viable leptospires, had 
a high titer of agglutinating antibody against 
L. canicola. 

In an effort to determine the extent of 
leptospiral infection among dogs at Fort 
McClellan serum was collected from 27 pet 
dogs in the households of personnel quartered 
at the Fort during October, 1952. Six of the 
dog serums gave positive reactions with L. 
canicola antigen with titers of 1: 200, 1 : 400, 
1: 800, 1: 800, 1: 1600, and 1: 6400. Urine 
specimens were collected on Nov. 4 and 
Nov. 20 from the six dogs with positive 
serological tests. These were inoculated into 
hamsters and carried through two passages, 
with negative results. 

Serum was obtained from four opossums, 
two chipmunks, two rabbits, and one rat 


795 





A. M. 
which were trapped on the grounds of the 
Fort from November, 1952, to January, 1953. 
All were negative for antibody against the 
eight strains of leptospires used. 

Serums from 21 patients with various 
clinical diagnoses were tested during the 
last six months of 1952. All were negative. 
The following clinical diagnoses were given: 
hepatitis, 9; fever of unknown origin, 7; 
meningitis, 1; nephritis, 1; iritis, 1; aseptic 
meningitis, 1. One patient with a clinical 
diagnosis of infectious hepatitis had repeated 
positive agglutination-lysis tests with L. 
pomona. Additional tests did not demonstrate 
a significant rise in titer during the course 
of the illness. It was assumed that the results 
indicated residual antibody from a preceding 
leptospiral infection. The titer at all times 
remained between 1: 200 and 1: 400. 


COMMENT 

Canicola fever is a variety of leptospirosis 
due to infection with L. canicola. The disease 
occurs largely in dogs, in which the incidence 
of infection is high.§ In this study 6 of 27 
dogs tested, or 22%, had significant levels 
of antibodies in the serum. Since none of 
these dogs had leptospires in the urine, it 
is probable that the presence of antibodies 
indicated past rather than present infection. 
The dogs in the households of Cases 1 and 3 
reported in this study had higher titers of 
antibodies than those of the six dogs noted 
above. L. canicola was isolated from their 
urine specimens. It is probable that lepto- 
spiral infection was transmitted by the house- 
hold dogs to two of our cases through contact 
with dog urine. The source of infection in 
Case 2 was not determined. 

In man canicola fever, like the commoner 
Weil disease, has predilection for involvement 
of the meninges, kidneys, liver, and skeletal 
muscles. The frequency with which menin- 


geal involvement is the only clinical mani- 
festation of canicola fever has been empha- 
sized in the American literature by Beeson 


and Hankey in their report of 12 cases.’ 
Indeed, the term “benign aseptic meningitis” 
the observed in our 


characterizes illness 


§ References 21-24. 
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three cases. Although capillary damage, 
iridocyclitis, myocarditis, paralysis, and psy- 
chosis may occur in this illness, we observed 
no manifestations of this nature in our cases. 

The three cases of this report occurred in 
late summer. This agrees with the highest 
seasonal incidence noted in earlier studies.|| 
The difficulty in differential diagnosis with 
nonparalytic poliomyelitis is heightened be- 
cause of this fact. 

An evaluation of the efficacy of antibiotic 
therapy is complicated by the relatively 
benign and variable course which is observed 
in this illness..° Although penicillin therapy 
is reported to have definite value in treat- 
ment,{] other case reports deny this.’* The 
controlled study of Hall and co-workers *’ 
casts considerable doubt as to the efficacy of 
any antibiotic so far tested in this and other 
leptospiral infections. Other 
support the efficacy of chlortetracycline 
(Aureomycin).# Of note in our Case 3 is 
the finding that penicillin failed to prevent 
the onset of meningeal involvement despite 
its administration for three days prior to the 
onset of frank meningitis. 


case reports 


SUMMARY AND CONCLUSIONS 

Three cases of meningitis due to infection 
with Leptospira canicola are reported. The 
infection was self-limited, and a course of 
penicillin given in one case failed to prevent 
the appearance of meningitis. The household 
dogs in two of these cases were shown to be 
the probable source of infection by the finding 
canicola in their urine. Other 
the 


of viable L. 
human members of the households of 
patients showed no antibodies against L. 
canicola. The known wide extent of infection 
in dogs is confirmed by the finding of signifi- 
cant antibody titers against L. canicola in 
the sera of 6 of 27 household dogs of per- 
sonnel at the Fort. Leptospires could not 
be demonstrated in urine specimens collected 
from these dogs. No reservoir of infection 
was found in small wild animals trapped at 


Fort McClellan. 
ee ae 
|| References 12 and 25. 
{| References 24 and 26. 


# References 11 and 14. 
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CHOLESTEROL PNEUMONITIS AND WEGENER’S GRANULOMATOSIS 


WILLIAM O. FRENCH, M.D. 
and 


W. HAROLD CIVIN, M.D., Honolulu 


Slpracaersion and Churg, in 1954, wrote a 
comprehensive article on Wegener’s 
granulomatosis. About the time this appeared 
we were puzzling over an unusual case, the 
history of which is reported here. 


A 42-year-old Hawaiian-Caucasian woman was 
admitted to the hospital for the second time on Oct. 
18, 1954, with a chief complaint of intermittent pains 
in the costovertebral angles bilaterally, but more 
pronounced on the right, following a subtotal gas- 
trectomy eight months previously. She also com- 
plained of nocturia and of diurinal frequency. A 
37 lb. weight loss was noted during this time. Ankle 
edema and exertional dyspnea had been present inter- 
mittently. 

The patient had had a “sinus” cough for many 
years. Two years preceding the present hospitaliza- 
tion, she had an attack of pneumonia. Six months 
later she was first hospitalized for a benign chronic 
gastric ulcer, which was resected. Subsequently, a 
gastroenterostomy was performed. Concurrently, she 
developed hepatitis. Postoperatively she became 
severely hypokalemic and a “dumping” syndrome 
developed. During the hospitalization, albuminuria, 
cylindruria, hematuria, and pyuria were noted. After 
six weeks in the hospital she was discharged, ap- 
parently much improved. 

In the interim between the patient’s first and sec- 
ond hospitalizations the urinary abnormalities per- 
sisted and she lost weight. In September, 1953, her 
cough was aggravated and a postnasal drip became 
annoying. Sinus roentgenograms showed a cloudy 
right antrum. She was treated for five months and 
showed gradual improvemert. In March, 1954, she 
developed an attack of pleurisy which improved 
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with administration of a_ penicillin-streptomycin 
preparation (Dicrysticin). 

During the admission the physical examination 
revealed a well-developed poorly nourished chron- 
ically ill-appearing woman. No other findings of 
note were delineated in the physical examination. 
The red blood cell count was 3,350,000, with 11 gm. 
of hemoglobin. Blood urea nitrogen was 23.5 mg. 
per 100 cc., and cholesterol was 258 mg. per 100 cc. 
The zinc sulfate turbidity value was 16 units (nor- 
mal, 0-10 units), and 17% of a dose of 5 mg. per 
(Bromsulfalein ) 


kilogram of sulfobromophthalein 


was retained after 30 minutes. A urine analysis 


revealed albuminuria, hematuria, and pyuria. A 
sputum culture grew out Pseudomonas aeruginosa. 
Chest plate revealed a partly calcified ill-defined 
infiltration in the right upper lobe of the lung and 
multiple calcific deposits as well as pleural thicken- 
ing on the right. 

In the hospital the patient had a low-grade fever. 
On Nov. 5 she suddenly became dyspneic and de- 
veloped grunting Moist rales and 
ronchi were noted. Aminophylline seemed to give 
some relief. Later the same day the patient suddenly 
went into shock, with a B. P. of 50/40 and a pulse 
rate of 120. Expiratory rales were noted. She came 
out of shock that evening, and on Nov. 7 a hematoma 
developed over the inner aspect of the right leg, 
which later ulcerated. Her red blood cell count 
dropped to 2,200,000, and her hemoglobin, to 6.2 gm. 
Platelets on one occasion were 510,000. On Nov. 10 
patient complained of pain and became edematous 


She died suddenly on that day. 


respirations. 


Necropsy was performed several hours after 
death. Significant findings only are noted. The 
pleural cavities each contained 200 cc. of nonclotted 
hemorrhagic fluid. There were numerous adhesions 
between the lungs and pleura bilaterally, especially 
basally. The large bronchi contained large amounts 
of hemorrhagic and frothy exudate. Microscopically, 
there were mural chronic inflammations with ulcer- 
ations. The lungs weighed 470 and 400 gm. Numer- 
ous reddish-blue irregularly shaped solid areas 
were seen subpleurally in both lungs. These had 
soft friable reddish-brown centers. Open branch 


bronchi could be seen leading into these areas, and 





CHOLESTEROL PNEUMONITIS 


Fig. 1.—Granulomatous 
artery 
x 450 


vasculitis, 
Hematoxylin and eosin; 


Fig. 2—Interstitial cholesterol clefts and granu- 


lomata of the lung. Hematoxylin and eosin; reduced 


from mag. Xx 100. 
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+a 


¥ 58 * 


Mia, * ‘eo: vers 
. whi many 
by ety § 
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reduced from mag. 


Fig. 3—Hyalinized glomerulus (hyalinized cres- 
cent). Hematoxylin and eosin; reduced from mag. 
x 450. 

Fig. 4.—Incomplete glomerular crescents. Hema- 
toxylin and eosin; reduced from mag. x 450. 
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they were compressed and ulcerated. A number of 
wedge-shaped infarcts were also present. The tis- 
sue between the solid masses was grayish-blue and 
somewhat better aerated. Microscopically, the lungs 
presented a variegated picture. The picture included 
fibrinoid and basophilic necroses, granulomatous 
vasculitis (Fig. 1), foam cell accumulations intra- 
alveolarly and interalveolarly, interstitial cholesterol 
clefts (Fig. 2), with without 


giant cells (Fig. 2), and hyaline fibrosis. Segments 


granulomata and 
of atypical epithelial hyperplasia invested alveoli 


focally. Hyaline membranes lined some alveoli. 


Fig. 5.—Giant cell lining renal tubule. Hematoxy- 
lin and eosin; reduced from mag. x 450. 


Infarctions, bronchopneumonia, and small abscesses 
were also seen. 

The kidneys weighed 60 gm. each. The capsules 
stripped with ease, exposing smooth mottled blue- 
gray surfaces. The cut surfaces showed sharp corti- 
comedullary demarcations. Peripelvic fat was in- 
creased. Microscopically, areas of hyalinized glomer- 
uli (Fig. 3), focal glomerular necroses, complete 
and incomplete glomerular crescents (Fig. 4), peri- 
glomerular and interstitial granulomata, granulom- 
atous vasculitis, and proliferating tubular epithe- 
lium with giant-cell formations were seen. These 
giant cells each had one large hyperchromatic nu- 
cleus and a poorly delineated acidophilic cytoplasm 
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(Fig. 5). Focal chronic pyelonephritis with forma- 


tion of colloid casts was present also. 


COMMENT 


Godman and Churg? list the following 
features as characterizing the complex which 
they would eponymically designate as Wege- 
ner’s granulomatosis: (1) necrotizing granu- 
lomatous lesions of the upper or lower respira- 
tory tract or both; (2) Focal necrotizing 
vasculitis involving both arteries and veins, 
almost always in the lungs, and more or less 
widely disseminated in other sites, and (3) 
glomerulitis characterized by necrosis (and 
thrombosis) of loops or lobes of capillary 


tufts, capsular adhesions, and evolution of a 


granulomatous lesion. 

Fienberg * states that pulmonary findings 
in the Wegener syndrome and those of idio- 
pneumonic granulomatosis and angitis as well 
as those of chronic pneumonitis of the cho- 
lesterol group ~ present similar histological 
pictures. By Fienberg’s definition, idio- 
pneumonic granulomatosis and angiitis is es- 
sentially isolated pulmonary involvement by 
lesions seen also in other organs in Wegener’s 
granulomatosis. Cholesterol pneumonitis * has 
been called foam-cell pneumonia by Chiari. 
The condition is characterized histologically 
by the prominence of intra-alveolar and in- 
terstitial foam cells as well as marked septal 
fibrosis. The present case certainly shows 
this picture and would seem to be additional 
evidence in favor of the Fienberg hypothesis 
that the so-called pure pulmonary forms are 
early or arrested stages of the more diffuse 
form. 

If the Fienberg and the Godman and Churg 
ideas are combined, the picture may be syn- 
thesized as follows: If there is a minimal 
reaction, a picture of chronic pneumonitis of 
the cholesterol type occurs. With a severer 
reaction involving only the lung but showing 
all changes found in other organs in severer 
cases, an idiopneumonic necrotizing granulo- 
matosis and angiitis is present. When other 
organs are involved, the complete syndrome 


of Wegener is noted. 


eee 


+ References 4 and 5. 
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Godman and Churg further state that other 
necrotizing and granulomatous lesions involv- 
ing the upper respiratory tract, especially 
agnogenic progressive lethal granulomatous 
ulceration of the nose and facial midline, are 
localized manifestations of a disease which 
on becoming generalized produces the syn- 
drome described by Wegener. 

The literature stresses the relationship of 
Wegener’s syndrome to periarteritis nodosa, 
but on reviewing the English literature one 
gets the impression that this is based on the 
finding of segmental arteritis with or without 
regard to eosinophiles and with disregard of 
other lesions present in the former condi- 
tion. 

Fienberg § feels that hypersensitivity is the 
etiological factor responsible for the patho- 
logical changes in the Wegener condition. 
Godman and Churg! subscribe to the same 
concept. Their reasoning involves the fact 
that the prominent findings (necroses, granu- 
lomata, arteritis, glomerulitis, trabeculitis, 
and folliculitis) are manifestations of allergic 
phenomena. Fienberg ? and Williams ° con- 
sider the reaction as one of the Arthus type. 
The possibility of a bacterial allergy has been 
suggested. The respiratory tract is postulated 
as the focus wherein the primary or major 
injury takes place, namely, the most suscepti- 
ble shock area. Other organs are involved 
later. 


Robbins and Sniffen consider intrapulmo- 


nary deposition of endogenous cholesterol as 


a result of the action of an unknown agent 
to be the pathogenesis of cholesterol pneumo- 
nitis. Of course, the unknown agent could 
be sensitivity. On cursorily perusing the lit- 
erature, we were impressed by the fact that 
etiology is conjectural, although based on 
some rather ingenious reasoning. It would 
be presumptuous of us to assume an etiology 
on the basis of a solitary case. 

If etiology were established, the categoriz- 
ing of borderline or seemingly related cases 
a 

t References 1 and 2. 


§ References 2 and 3. 


of the syndrome would be much easier and 
the definition of the condition could be made 
exact. Because of lack of establishment of a 
specific etiology, terminology is confusing. 
Fienberg feels that Klinger deserves priority 
over Wegener. Godman and Churg say that 
Wegener first characterized the complex clin- 
ically and anatomically. Periarteritis nodosa 
and Besnier-Boeck sarcoid are other names 
which have been applied to the condition. 
The present cases deviates from the classi- 
cal cases in the fact that focal embolic glomer- 
ulonephritic lesions were rare, although 
numbers of crescents were present. Further- 
more, the renal lesion was complicated by a 
banal pyelonephritis. Peculiar giant cells 
lined many tubules. In addition, the pulmo- 
nary necrosis was more hyaline than granular. 
EKosinophiles were not found. Nevertheless 
sufficient criteria were present to place this 
case in the Wegener category or at least to 
consider such a diagnosis in the differential 
diagnosis, since pulmonary and renal lesions 
were present. Certainly, by Fienberg’s 
broader criteria, this is a case which would 
seem to bridge the gap between chronic pneu- 
monitis of the cholesterol type and his cases 
which Godman and Churg accept as Wege- 
ner’s granulomatosis. The alternative would 
be to diagnose cholesterol pneumonitis, focal 
glomerulitis, and chronic pyelonephritis. Pro- 
liferative glomerular lesions were prominent 
enough so that it is unlikely that they were 


the result of pyelonephritis. 


SUMMARY 


A case presenting granulomatous lesions 
with angiitis involving lungs and kidneys, 
with symptoms related to the sinuses, lungs, 
and kidneys is described. The case histologi- 
cally presents transitions between chronic 
pneumonitis of the cholesterol type and Weg- 
ener’s granulomatosis and would seem to 
provide some evidence in support of the con- 
cept that the 
Alternatively, multiple diagnoses would have 


two conditions are related. 


to be considered. 
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ENCEPHALOPATHY DUE TO INFLUENZA VACCINE 


MAJOR WILLARD R. WARREN (MC), 
U. S. Army 


INCE the efficacy of influenza virus vac- 
cine was first established, in 1944, this 


agent has been used extensively by the United 


States Army in mass immunization programs. 
In spite of the fact that serious allergic and 
toxic reactions to the vaccine are known to 
occur,* in actual practice these have been 
rarely encountered. Therefore, a recently 
observed patient, who exhibited a reaction 
to the vaccine which was both unusually se- 
vere and of a singularly ominous type, seems 


worthy of reporting. 


REPORT OF CASE 

A 19-year-old white enlisted man was admitted to 
the Communicable Disease Section of an Army 
General Hospital on Nov. 23, 1953, in a semicoma- 
tose state. He had been entirely well until the day 
of admission, when in the morning he received an 
injection of influenza virus vaccine. He had no 
symptoms following this until 2: 30 p. m., when there 
was a sudden onset of profuse rhinorrhea and 
wheezing. These symptoms persisted, and at about 
3: 00 p. m. he commenced to have feverishness, shak- 
ing chills, soreness behind his eyes, and aching of his 
head, back, and arms. At about 5 p. m. he became 
extremely weak and dizzy and found that he was 
unable to sit upright. He stated that “things began 
to black out,” and he therefore went to bed. He 
remembered nothing further until he awoke in the 
hospital on the following morning. During the eve- 
ning his friends in the barracks noted that he was 
moaning; when their efforts to rouse him proved 
unsuccessful, they had him brought to the hospital. 

Past history (obtained subsequently) revealed that 
one year previously he had had severe malaise for 
two days following an influenza immunization. He 
denied allergies of any kind, by name and symptom, 


and had no history of intolerance to eggs. 


Submitted for publication Nov. 16, 1955. 

Commanding Officer, 33d Field Hospital; for- 
merly Chief of the Communicable Disease Section, 
320th General Hospital. 

* References 1 and 2 


Physical examination at admission revealed a 
well-developed healthy-appearing young man of 19 
who was semicomatose and delirious and did not 
respond to questions. Rectal temperature was 101.4 
F; pulse rate, 130, and blood pressure, 120/70. His 
neck was stiff; abdominal reflexes were increased, 
By the following 
though 


and Kernig’s sign was present. 
morning (Nov. 24) he was 
slightly confused, and nuchal rigidity was no longer 


conscious, 
present. Funduscopic examination disclosed some 
prominence of the retinal veins suggestive of en- 
gorgement. Mild tenderness was noted in the para- 
vertebral musculature. Neurologic examination re- 
vealed muscular power to be moderately diminished 
in the right upper and lower extremities, though 
entirely normal on the left. Cranial nerves were 
normal except for the tenth nerve on the right: 
There was paralysis of the right palatine muscula- 
ture, with sagging of the right anterior pillar and 
deviation of the uvula to the left. Superficial re- 
flexes were normal. All deep tendon reflexes were 
hypoactive (+1) on the right and normal on 
the left. Perception of light touch was diminished 
on the right half of the body, and vibratory sensa- 
tion was impaired below the waist on the right. All 
sensory modalities were normal on the left. There 
were no pathologic reflexes in the upper or lower 
extremities suggestive of pyramidal tract involve- 
ment. 

Laboratory Studies —White blood cell count was 
9750, with 78% neutrophiles and 22% lymphocytes. 
Erythrocyte sedimentation rate was 5 mm. in one 
hour. Serologic tests for syphilis were negative. 
Urinalysis was normal aside from an occasional red 
blood cell in the sediment. 

Course in Hospital—Upon admission a tentative 
diagnosis of meningitis was made, and a lumbar 
puncture was immediately performed. The cerebro- 
spinal fluid proved to be clear and colorless, with a 
cell count of 3 (all lymphocytes); glucose was 
62.5 mg. per 100 ml.; chloride, 710 mg. per 100 ml., 
and protein, 23 mg. per 100 ml.; Pandy test and 
serology were negative. The pressure was not re- 
corded. The diagnosis of suppurative meningitis 
having been excluded, the patient was treated symp- 
tomatically. By the morning after admission (Nov. 
24) he had recovered consciousness, though he re- 
mained somewhat confused and his cerebration was 
sluggish. Thereafter, his mental status improved 
rapidly. On Nov. 25 he complained only of general- 
ized weakness and appeared to be clear mentally. 
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Examination showed the sensory changes to have 
disappeared, though the right-sided muscular weak- 
ness and hyporeflexia remained. A second lumbar 
puncture produced clear cerebrospinal fluid under 
normal pressure; the cell count was 5 (all lymph- 
ocytes) ; glucose, 60.5 mg. per 100 ml.; protein, 22 
mg. per 100 ml., and Pandy test and serology were 
3y Nov. 27 he was asymptomatic aside 
There 


negative. 
from slight generalized weakness. 
change in the right-sided hyporeflexia, though par- 
alysis of the right palatine musculature had disap- 
peared. The Babinski sign still could not be elicited. 
On Nov. 28 reflexes were found to be normal in the 
right upper extremity, though hyporeflexia was still 
present in the right lower extremity. The right- 
sided muscular weakness was much improved. By 
Nov. 30 muscular weakness was no longer demon- 
strable, and the only neurologic abnormality remain- 
ing was diminution in the right Achilles reflex. His 


was no 


further convalescence was uneventful, and he was 
mobilized progressively without ill effects. At the 
time of discharge from the hospital, on Dec. 3, 1953, 
he was entirely asymptomatic, and the physical ex- 


amination was normal except for slight residual 


impairment of the right Achilles reflex. 


COMMENT 

A 19-year-old white man, with a history 
of a severe systemic reaction to influenza 
vaccine one year previously, developed a 
delayed anaphylactoid reaction manifested by 
fever, rhinorrhea, and bronchospasm approxi- 
mately four or five hours after receiving 
another injection of influenza vaccine. This 
was followed in about two and one-half hours 
by an onset of pronounced central nervous 
system symptoms culminating in a semicoma- 
tose state and delirium. Physical examina- 
tion upon admission to the hospital, approxi- 
mately 12 hours after the injection, revealed 
signs of encephalopathy and meningeal irrita- 
tion, and a more thoroughgoing examination 
about 24 hours after the immunization dis- 
closed evidence of increased intracranial pres- 
sure and a complex of neurologic signs sug- 
gestive of a subcortical cerebral lesion. In 
spite of the neurologic symptoms and signs, 
the cerebrospinal fluid was entirely normal. 
On symptomatic therapy alone the patient 
showed a rapid and progressive improvement, 
and by the time of his discharge from the 
hospital, 10 days after the onset of his illness, 
he was free from any evidence of disease 
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other than a slightly impaired right Achilles 
reflex. 

The sequence of events suggests that the 
cerebral damage sustained by this patient was 
almost certainly of allergic origin, and in view 
of the rapidity of its appearance and resolu- 
tion it would seem likely that it was due to 
an acute cerebral edema analogous to angio- 
neurotic edema in other organs. After the 
resolution of the acute edematous process 
there apparently remained some residual sub- 
cortical damage or functional impairment ; 
that this did not progress to actual demyelina- 
tion or other irreversible change, however, is 
attested to by the fact that almost all signs 
of neurologic disease had disappeared by the 
end of 10 days. 

Neurologic reactions to immunizing sub- 
stances, while rare, nevertheless have been 
reported frequently in the medical literature. 
Miller and Stanton,* in a comprehensive re- 
view of this subject, classified and described 
the various reactions to the vaccines in com- 
mon use, which fall into the following cate- 
gories: (a) radiculitis, plexitis, and mono- 
neuritis ; (b) polyneuritis and Guillain-Barré 
syndrome; (c) Landry’s paralysis and mye- 
litis, and (d) cerebral and meningeal forms. 
Reactions of the above types have been ob 
served with varying frequency following inoc- 
ulation of typhoid-paratyphoid, rabies, per- 
tussis, tetanus, and diphtheria vaccines; 
neurologic reactions to the latter two are, 
however, extremely rare, and those due to 
pertussis vaccine have always been of the 
cerebral variety. Nervous system reactions 
have also been observed occasionally follow- 
ing administration of antipneumococcic, dys- 
entery, typhus, and yellow-fever vaccines. 
No mention has been made of complications 
in the nervous system associated with influ- 
enza virus vaccine. 

Neurologic reactions to immunizing agents 
may appear from a few minutes to 15 days 
after the vaccine is administered ; the inter- 
val tends to be shortest with the cerebral 
forms. Physical findings vary according to 
the type of reaction present. Symptoms and 
neurologic signs nearly identical with those 
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exhibited by the patient here reported have 
been described in other cases with cerebral 
or meningeal forms of vaccine reactions. The 
cerebrospinal fluid may be entirely normal or 
may show lymphocytic pleocytosis. Pathologic 
examination of the central nervous system 
may reveal normal findings or may disclose 
congestion of the brain and meninges, edema 
of the brain or one cerebral hemisphere, areas 
of subcortical degeneration, patchy demyeli- 
nation, accumulation of macrophages contain- 
ing fat granules, and edema, congestion, and 
demyelination of the spinal cord. The periph- 
eral nervous system may show degeneration, 
congestion, edema, and perivascular demyeli- 
nation and lymphocytic infiltration in the 
nerve trunks. 

Miller and Stanton postulated that most 
neurologic illnesses following prophylactic 
inoculation are manifestations of hypersensi- 
tivity, a position strongly supported by the 
fact that such illnesses are clinically and 
pathologically almost identical with those 
complicating serum sickness, which are be- 
yond reasonable doubt of allergic origin. This 
concept is further substantiated by the not 
infrequent occurrence in the nervous system 
of hypersensitivity reactions caused by al- 
lergens other than vaccines or sera. Davison,‘ 
reviewing his own experience and the litera- 
ture on the subject of allergy of the nervous 
system, cited many instances of neurologic 
signs and symptoms complicating sensitivity 
to foods and other allergens and adduced a 
large volume of evidence indicating that even 
epilepsy may sometimes be due to hypersensi- 
tivity. Among the many manifestations of 
nervous system allergy which he lists are 
included most of the manifestations of neu- 
rologic reactions to vaccines and all of the 
neurologic symptoms and signs exhibited by 
the patient here reported. Finley ® as early 
as 1938 contended that the specific allergic 
state of the body resulting from smallpox 
vaccination influences the central nervous 
system just as it does the skin and other 
organs, and he presented convincing evidence 
that the encephalitis occasionally seen after 
vaccination with cowpox virus (and _ that 


complicating variola and measles as well) is 
due to hypersensitivity. Putnam * maintained 
that the fundamental pathologic lesion in 
postvaccinal and other similar encephalo- 
myelitides is a thrombosis of small vessels 
within the central nervous system, and he felt 
that the instability of the clotting mechanism 
of the blood which was evidently responsible 
for this phenomenon might well be an allergic 
manifestation. 

It is evident, then, that the medical litera- 
tures provides ample support for the thesis 
that the patient who is the subject of this 
report suffered a reaction of the cerebral type 
to influenza virus vaccine and that this reac 


tion was of allergic etiology. 


SUMMARY AND CONCLUSIONS 

A patient is presented who displayed an 
acute and fortunately transitory neurologic 
reaction of the cerebral type following the 
The 


cause of this phenomenon appeared to be 


administration of influenza vaccine. 


hypersensitivity. The literature pertaining to 


neurologic reactions to immunizing agents 
and allergy of the nervous system is briefly 
reviewed. It is apparent that influenza virus 
vaccine, in common with other immunizing 
substances, is not altogether innocuous, and 
its potential benefits and hazards should 
therefore be carefully weighed before each 
administration. 
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CHRONIC PULMONIC AND TRICUSPID STENOSIS WITH A 


CANCEROUS ARGENTAFFINOMA 


D. B. HORSLEY, M.D. 
and 
OLDRICH PREC, M.D., Ph.D., Chicago 


bated published reports have de- 


scribed a predominantly right-sided 


valvular heart lesion associated with cancer- 
ous argentaffinoma of the bowel.* These 
patients had some skin disorder such as in- 
flushing 


cutaneous vasomotor 


termittent 
and/or a peculiar type of mottled cyanosis. 


There is a tendency to consider this combi- 
nation of lesions as a new clinical syndrome. 
Some of the skin manifestations can be ex- 
plained by a hormonal secretion, 5-hydroxy- 
tryptamine, of the argentaffinoma tumor.’® 
The relationship between the tumor and the 
heart lesion is obscure. More clinical studies 
are needed to evaluate this rather rare com- 
bination of diseases. This paper reports an 
additional case which has been extensively 
includes references not men- 


studied and 


tioned in previous reports. 


REPORT OF CASE 


A 54-year-old white well until 
November, 1953, when she developed edema of the 


lower extremities, exertional sub- 


woman was 


dyspnea, and 


Submitted for publication Nov. 5, 1955. 

Dr. Edwin F. Hirsch, Director of Pathology, 
St. Luke’s Hospital, gave permission to include 
the autopsy findings in our case and made criti- 
cisms and suggestions in the preparation of this 
paper. 

From the Cardiovascular Research Laboratory, 
St. Luke’s Hospital, and the Department of Medi- 
cine, University of Illinois College of Medicine; 
Senior Resident in Medicine, St. Luke’s Hospital 
(Dr. Horsley), and Director of the Cardiovascuiar 
Research Laboratory, St. Luke’s Hospital, and 
Lecturer-Assistant Professor of Medicine, Univer- 
sity of Illinois College of Medicine (Dr. Prec). 
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sternal pressure sensations. Orthopnea was not 


present. Shortly afterwards she had episodes of 
diarrhea with 8 to a day. 
There was no previous history of rheumatic fever, 


10 loose brown stools 


pulmonary, cardiac, or renal disease. She had been 
working in a storm-window manufacturing plant 
doing “a man’s job” up until her present illness. 
The family history was noncontributory. Her con- 
dition gradually became worse, and she was re- 
ferred to St. Luke’s Hospital for admission March 
9, 1954. 
Physical examination revealed a middle-aged 
white woman with a gray skin. The blood pressure 
120/70 mm. Hg; pulse rate, 70, and respira- 


tions, 12 per minute. E. E. N. T. examination was 


was 


essentially negative. The chest was clear on auscul- 
tation and percussion. The heart was enlarged 2 cm. 
to the right of the midsternal line, and the apex 
extended to the left midclavicular line in the fifth 
costal interspace. A systolic gallop was present over 
the base, and a Grade 2 to 3 systolic murmur was 
heard over the entire precordium, with maximum 
intensity over the left base. A diastolic murmur was 
heard along the left sternal margin, being less pro- 
nounced at the apex. The abdomen was moderately 
distended and contained fluid. The liver edge was 
palpated 8 cm. below the right costal margin. Pitting 
edema of both lower extremities extended to the 
midthigh. Both rectal and pelvic examinations were 
within normal limits. 
Electrocardiograms (Fig.1) showed a_ sinus 
rhythm with depressed ST segments and diphasic 
T waves in Leads V2, Vs, and Vs. The QRS com- 
plexes in Leads V: to V4 were M-shaped, and this 
was interpreted as an incomplete right bundle 
branch system block. A first degree AV block was 
also present, and the curve was compatible with 
right ventricular Chest 
grams (Fig.2) and fluorescopy showed relatively 
clear lung fields, slightly pulmonary 
arteries, and enlargement of the right atrium and 
the right ventricle. Intravenous pyelogram revealed 
a right double ureter. A barium enema of the colon 
demonstrated no lesions. Phonocardiographic trac- 
A systolic murmur was re- 


hypertrophy. roentgeno- 


enlarged 


ings were obtained. 
corded from all points over the precordium, with 
maximum intensity being in the left second inter- 
costal space. In addition, low-frequency vibrations 
(25 to 30 cps) were recorded from the second, 
third, and fifth intercostal spaces along the left 
sternal border and over the left border of the heart 
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Fig. 1—Electrocardiograms taken on first admission to the hospital and approximately one 


year later, just before death. 


in the midposition between the apex and pulmonic 
area. These vibrations were in mid-diastole. In the 
late diastole there was a superimposed higher fre- 
quency murmur which was continuous with the 
systolic murmur. This diastolic murmur was much 
less marked over the apex. A systolic gallop was 
recorded over the second right intercostal space. 
The systolic murmur was considered to be a mur- 
mur of pulmonic stenosis. The late diastolic mur- 
mur was interpreted as evidence of relative tri- 
cuspid stenosis. 

Right heart catheterization was done, and the 
results are listed in the Table. The right atrial 


Cardiac Catheterization 


Pressure, 
Position of Catheter Mm. Hg 
Superior vena , 
Right atrium, upper 15 
Right atrium, middle 15 
Right atrium, 
Inferior vena cava 
Right ventricle 
Pulmonary artery.. 
Pulmonary wedge 


5 
5 


Femoral artery 


Oxygen 
Content, 
Volume 
per Cent 
6.50 
6.52 
92 
3.50 


(85% sat.) 
Capacity 
12.42 
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pressure curve showed (1) the presence of giant 


“a” waves and (2) evidence of tricuspid regurgita 
tion. The 
ventricle and the pulmonary artery was diagnostic 
of pulmonary stenosis. The pulmonary wedge pres 
normal. The 


pressure gradient between the right 


sure curves were considered to be 
uniformity of oxygen content in all samples from 
the right heart and pulmonary arteries was evidence 
against a left-to-right shunt. However, a right-to- 
left shunt was suspected because of the high oxygen 


Fig. 2—Roentgenogram of chest obtained on 
first admission to the hospital. 


saturation of the blood samples from the wedge 
position and the low oxygen saturation of the blo od 
sample obtained from the femoral artery. Nitrogen 
clearance studies at the time of catheterization ruled 
out a gross abnormality in distribution of alveolar 
air, which could be another cause for the low femoral 
artery oxygen saturation. These results were inter- 
preted as indicating pulmonic stenosis, tricuspid 


incompetence as a secondary lesion, and an atrial 
septal defect with a right-to-left shunt. In view of 


the necropsy findings, there seems to have been an 
error in the determination of the oxygen saturation 
in the blood taken from the femoral artery. A later 
restudy of the pressure curves revealed the presence 
of a diastolic pressure gradient between the right 
atrium and the right ventricle. Therefore, the addi 
tional diagnosis of a tricuspid stenosis was made." 

Other studies showed the hemoglobin to be 9.9 
gm. per 100 cc.; the erythrocyte count, 3,450,000, 
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and the leucocyte count, 4100. The sedimentation 
rate was 40 mm. in an hour (Wintrobe). A com 
Nonprotein nitrogen 
the fasting 


plete urinalysis was normal. 
of the blood was 33 mg. per 100 cc.; 
blood sugar, 100 mg. per 100 cc. The serum sodium 
was 132 mEq/liter; the potassium, 5.74 mEq/liter, 
and the 107.8 mEgq/liter. The 
dioxide-combining power was 28.6 mEq/liter. The 
prothrombin time was 37 (100%). The 
serum cholesterol was 186 mg. per 100 cc.; the 


chloride, carbon- 


seconds 


serum amylase, 60 Somogyi units, and the serum 
inorganic phosphorus, 4.7 mg. per 100 cc. The total 
plasma protein was 6.08 gm. per 100 cc.; the 
albumin, 3.41 gm., and the globulin, 3.2 gm. The 
alkaline phosphatase was 6.4 Bodansky units; 
direct-reacting bilirubin (Van den Bergh) was 0.10 
mg. per 100 cc., and total bilirubin, 1.18 mg. per 
100 cc. The thymol-turbidity test was 6 units, and 
the cephalin-cholesterol-flocculation test was 1+ 
after 48 hours. The serologic test for syphilis was 
negative. Repeated stool examinations were nega 
tive for occult blood and amebae. 

During her hospital stay the patient responded 
fairly well to low-sodium diet, diuretics, and bed 
rest. She was discharged on the 16th hospital day 
with the diagnosis of pulmonic stenosis, tricuspid 
insufficiency with relative tricuspid stenosis, and 
atrial septal defect with a right-to-left shunt. 

She was treated in St. Luke’s Hospital outpatient 
clinic but was admitted for the second time, on 
June 10, 1954, because of increasing dyspnea, weak- 
ness, and anasarca. She also complained of episodes 
of hot flushes during the months prior to her 
readmission—“I get hot all over and my body turns 
red and my heart beats real fast.”” One observer had 
noted during an outpatient department visit that 
she developed a marked generalized flush during 
an examination. She was acutely ill and had gray 
cyanosis of the face and extremities with an asso- 
ciated red flush. The blood pressure was 106/66 
mm. Hg, and the pulse rate was 78 per minute. The 
neck 


were 


veins were distended, and fine moist rales 


present in the right lung base. The heart 
examination showed no significant changes since 
the first admission. A pulsating liver edge was 8 
cm. below the right costal margin, and ascitic fluid 
was present in the abdomen. Marked pitting edema 
was present in both lower extremities extending 
up to the knees. The electrocardiogram was essen- 
tially unchanged. An upper gastrointestinal x-ray 
study revealed no definite pathology. Chest roent- 
genogram revealed no change from previous ad- 
mission except possible increased fullness of the 
left cardiac border. The laboratory studies, includ- 
ing liver-function studies, had shown no appreciable 
change. The basal metabolic rate was +19%, and 
protein-bound iodine determination was 5.37 per 
100 cc. During her hospital stay she had 1 to 3 
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liquid stools daily. She was treated with low-sodium 


diet, diuretics, digitoxin, and bed rest. After a 


moderate degree of improvement she was dis- 


charged, on the 20th hospital day. 

She was readmitted for the third time Sept. 23, 
1954. She complained of marked fatigue and weak- 
and increased 


ness, slight exertion, 


edema of her legs and thighs. Orthopnea was not 


dyspnea on 
present, and there was no reference to her previous 
episodes of hot flushes. 

Physical examination revealed marked malnutri- 
tion and cyanosis of the lips, fingers, and toes, with 
a ruddy complexion of the face. The blood pressure 
was 110/80 mm. Hg; pulse rate, 80, and respira- 
tions, 20 per minute. The neck veins were distended. 
The lungs were clear to auscultation and percus- 
sion, and the heart showed some enlargement to 
the left but no change in the murmurs. The systolic 
gallop rhythm had disappeared. The abdomen was 
markedly distended with fluid, and the liver size 
was not definitely determined, but the liver was 
believed to be enlarged. Marked pitting edema was 
present in the lower extremities, extending up to 
the sacral area. The prothrombin time was 50 sec- 
onds (74.09% of normal). The total protein was 
5.45 gm. per 100 cc.; the albumin, 2.95 gm., and 
the globulin, 2.50 gm. The alkaline phosphatase 
was 8.9 Bodansky units. L. E.-cell preparation was 
negative. There was no appreciable change in the 
other laboratory tests that had been obtained on 
previous admissions. A skin biopsy was refused. 
She was treated with routine measures for con- 
gestive failure and also received 1000 cc. of whole 
blood. An abdominal paracentesis was performed, 
and 4600 cc. of clear yellow fluid was removed. She 
was discharged on the 50th hospital day, after a 
marked loss of edema fluid. The initial diagnosis 
remained unchanged. 

She was readmitted to the hospital for the fourth 
time April 21, 1955. She was extremely emaciated 
and weak and at times was confused. Precordial 
chest pain was produced on slight exertion, but 
orthopnea was not present. The blood pressure was 
122/84 mm. Hg; pulse rate, 86, and respirations, 
18 per minute. She had generalized pitting edema 
over her entire body and a generalized peculiar 
type of dusky grayish skin discoloration. The neck 
veins were distended. The chest was clear, and the 
only the was the 
disappearance of the diastolic murmur. The abdo- 
men contained fluid. The liver edge was 7 cm. 


below the right costal margin, and marked systolic 


change in heart examination 


pulsations were visible. The electrocardiogram 
showed a sinus rhythm with low voltage, but the 
pattern remained essentially unchanged. The eryth- 
rocyte count was 2,970,000; the leucocyte count, 
5400, with a normal differential count, and the 


hemoglobin, 8.7 gm. per 100 cc. Urinalysis revealed 
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40 mg. of albumin per 100 cc. and a normal micro- 


scopic examination. Nonprotein nitrogen of the 


urea nitrogen, 28.2 


blood was 48 mg. per 100 cc.; 
mg. per 100 cc., and creatinine, 1.1 mg. per 100 cc. 


The serum sodium was 141 mEq/liter; potassium, 
4.4 mEgq/liter, and chloride, 101 mEq/liter; the 
total protein was 5.60 gm.; the albumin, 2.34 gm., 
and the globulin, 3.26 gm. per 100 cc. The alkaline 
phosphatase was 5.4 Bodansky units; thymol tur- 
bidity, 0.8 units, and cephalin-cholesterol floccula- 
tion after 48 The 
reacting bilirubin (Van den Bergh) was 0.10 mg. 
per 100 cc., and total bilirubin was 0.20 mg. per 


was negative hours. direct- 


100 cc. Inorganic phosphorus was 3.7 mg. per 100 


Fig. 3.—Photograph illustrating the fibrous 


thickened pulmonic valve. 


cc. Stool examination for the first time revealed 
4+. occult blood. 

Throughout her hospital stay she had intermit- 
tent episodes of liquid stools. She continued to do 
poorly and died 13 days after her hospital admis- 
sion. 

Necropsy.—Only the pertinent portions of the 
necropsy record are included in this report. 

The heart weighed 290 gm. There was marked 
hypertrophy of the myocardium of the right auricle 
and the right ventricle. The pulmonic semilunar 
valve was small, thickened, and narrowed by fibrous 
tissue (Fig. 3). The margins of the fibrous leaflets 
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Fig. 4—Photograph illustrating the slit-like 


stenotic tricuspid valve. 


had fine granular deposits. The inside circumference 
of the pulmonic ring was only 3.5 cm. (normal, 
7.5 cm.). The tricuspid valve leaflets were gray 
and thickened by fibrous tissues, and the chordae 
tendineae were shortened and fibrous. The tricuspid 
valve was a curved slit 3 cm. long and 1.5 cm. wide 
(Fig. 4). The endocardium of the right ventricle 
had gray fibrous plaques. There was a marked 
fibrous thickening of the endocardium of the right 
auricle. The circumference of the mitral ring was 
9.5 cm., and there were moderate fibrous and fatty 
changes of the anterior leaflet. The chordae tendineae 
were short and fibrous. The aortic leaflets were 
thin, and the circumference of the aortic ring was 
7.5 cm. The lining of the left auricle and of the 
left ventricle was smooth. 

At a level 1 cm. proximal to the ileocecal valve 
was a firm circumscribed tumor nodule 1 cm. in 
diameter in the mucosa and submucosa of the ileum. 
At the same level on the serosal side a triangular 
mass 2 by 1.2 by 1 cm. infiltrated the mesenteric 
fat tissue. The surfaces made by cutting extensive 


portions of the large mass were mostly necrotic. 


The non-necrotic tissue had a fleshy color and was 
somewhat lobulated. 

The liver weighed 1950 gm. and extended 11 cm. 
below the tip of the xiphoid. On the posterior sur- 
face of the left lobe there were several bulging 
nodules of tan-brown tumor tissue. The largest of 
these under the capsule and in the liver was 8 by 
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6 by 4 cm. The tumor tissue comprised probably 
one fourth to one third of the liver (Fig. 5). 

On microscopic examination there was some 
edema and hyperemia of the myocardium of the 
heart. Aschoff bodies were not found. The tumor 
tissue of the terminal ileum revealed many scat 
tered small compact groups of medium-sized and 
small cells with deeply staining nuclei and moderate 
amount of eosinophilic finely granular cytoplasm 
(Fig. 6). These groups of cells extended into the 
muscular layer of the wall of the bowel. Appreciable 
number of cells in mitosis were not seen. The tumor 
of the liver was composed of compactly arranged 
cells with medium-sized deeply staining nuclei and 
a little finely granular eosinophilic-staining cyto 
plasm. These were aranged about lumen-like spaces, 
and at times some of the cells appeared columnar 
in shape. Occasionally the cells were arranged in 
compact groups without forming recognizable 
structures. There was only a little fibrillar con- 
nective tissue stroma. 

Anatomical Diagnosis: Chronic fibrous endocar- 
ditis and stenosis of the pulmonic semilunar valve; 
marked calcified fibrous endocarditis and stenosis 
of the tricuspid valve; calcified fibrous endocarditis 
and hypertrophy of the right auricle and of the 
right ventricle of the heart; slight fibrous and fatty 
changes of the mitral leaflets; infiltrating carcinoid 
portion of the ileum; extensive 


of the terminal 


metastatic carcinoid of the liver. 


Fig. 5.—Photograph illustrating the metastatic 
argentaffinoma tissue in the liver. 
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COMMENT 

In 1931 Scholte 7? reported a patient with 
a fibrous valvular lesion of the right side of 
the heart associated with a metasiasizing 
argentaffinoma of the small intestine and a 
peculiar bluish-red skin discoloration. Mill- 
man ** and Gold ** in 1943 concurrently re- 
ported another patient with fibrous stenosis 
of the pulmonic and tricuspid valves and 
argentaffinoma of the bowel. This case also 
had intermittent cutaneous flushing and a 
peculiar type of cyanosis. Each had metas- 
to the 
12 more with adequate necropsy have been 
published.+ Of this total number, eight pa- 
had pure right-sided valvular heart 

The other four also had minor in- 
volvement of the valves of the left cide of the 
heart. All of these had liver metastases and, 
with the exception of one, similar cutaneous 
above 


tasis liver. Following thece reports 


tients 


lesions. 


involvement. entire 


eta had a previous history of rheumatic 


Only one of the 
fever.'° The general pathological picture of 
the valvular involvement was marke fibrosis, 
sclerosis, increased vascularization, and, 

round-cell infiltration. Only one pos- 
sibly had Aschoff bodies. This was the case 
in Rosenbaum’s * abstract, in which it was 
not clearly stated whether Aschoff bodies 


em 


three, 


+ References 1-7, 9, and 15. 
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Fig. 6. — Photomicro- 
graph illustrating the tu- 
mor cell invasion of the 
tissue in the outer portion 
of the wall of the ileum; 
reduced slightly from 
mag. x 198. 


were present in the heart of the patient with 
metastatic argentaffinoma or the patient with 
hepatic bile duct adenocarcinoma. 

Recently Spain *® has published an analy- 
sis of the cardiovascular findings in 26 cases 
of carcinoid tumor of the gastrointestinal 
tract collected from a series of 8000 routine 
adult autopsies. Ten patients had right-sided 
valvular involvement of different degrees. 
Liver metastases were present in one half 
of these patients. 

There have been five patients reported 
with metastatic argentaffinoma of the small 
intestine, skin manifestations, and significant 
heart murmurs to suggest valvular heart 
disease.t In the two of these with complete 
necropsy examination the hearts were nor- 
mal.§ Because of this, we have not accepted 
cases only on the basis of clinical findings 
as belonging to the of cancerous 
argentaffinoma of the 


predominantly right-sided valvular heart dis- 


group 
small intestine with 
ease. 

There are cases reported with metastatic 
argentaffinoma and skin involvement but 
without any findings of valvular disease. 
Dockerty *® in 1943 reported a case which 
was included in a series of carcinoid tumors 


t References 4, 8, 17, and 18. 


§ References 4 and 8. 
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of the small intestine. This case had liver 
metastases confirmed at surgical explora- 
tion and a history of “hot flushes” and facial 
swelling four years prior to the time of her 
surgery. Necropsy was not performed, but 
there was no record suggesting any cardiac 
valvular disease. In 1946 McNeely *’ re- 
ported a case of argentaffinoma of the small 
intestine with liver metastases. Skin changes 
were present, but these were attributed to 
secondary pellagra. There was no clinical 
evidence of any cardiac valvular disease, and 
at the time of necropsy the heart was normal 
Recently there has been another case re- 
ported by Dockerty ** of metastatic argentaf- 
finoma of the right testis. In this patient 
cutaneous flushing could be produced by 
pressure of the testicular tumor nodule. 
There was no clinical evidence of cardiac 
valvular disease, and the necropsy examina- 
tion revealed normal heart valves and liver. 
A constrictive pericarditis was found, and 
the primary tumor site was not determined. 

In contrast to the combination of pre- 
dominantly right-sided heart valvular lesions 
and metastatic argentaffinoma of the small 
intestine, Millman ** was able to find seven 
cases of combined tricuspid and pulmonary 
fibroses with stenosis which did not have 
associated cancerous argentaffinoma as far 
as we could determine. We have not been 
able to find further similar cases except for 
Rosenbaum’s* case of pulmonary and tri- 
cuspid stenosis with minor mitral valve in- 
volvement. This was the case with associated 
metastatic adenocarcinoma of the hepatic bile 
ducts. 

The most convincing clinical proof of the 
vasomotor cutaneous phenomena due to the 
secretion of serotonin by the tumor was given 
in Dockerty’s** case with the testicular 
involvement. Thorson and associates * in- 
cluded in their series from the literature three 
cases of carcinoma of the gastrointestinal tract 
with metastases and one case of carcinoma of 
the pancreas with metastases. These cases 
had skin manifestations very similar to, if not 
identical with, those observed with the meta- 
static argentaffinoma. This suggests that 
these vasomotor cutaneous manifestations 
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may not be as specific as one would like for 
the diagnosis of cancerous argentaffinoma. 
In a cursory search of the literature, we 
found approximately 40 other cases of meta- 
static argentaffinoma of the small intestine 
with liver metastases but no indication of 
valvular heart disease or skin involvement. 
The significance of the combination of the 
valvular heart lesions and the metastatic 
argentaffinoma remains unknown. We believe 
that in our case the pulmonic valves were of 
such small size that the initial stenotic lesion 
may have occurred in early life, before the 
onset of the tumor lesion. 
cannot ignore the fact that we do have a com- 


However, one 


bination of rather rare pathological 


Since Thorson’s report‘ stressing 


two 
lesions. 
the possibility of a connection between the 
argentaffinoma tumor and heart lesions there 
has been an increased tendency to recognize 
and report more cases. The opinion of most 
observers seems to be that there is a true 
relationship. At the present time, because of 
the relatively small number of patients re- 
ported, we feel that more material is needed 
before this can be definitely established as a 
new syndrome. 
SUMMARY 

A case of tricuspid and pulmonic stenosis 
with cancerous argentaffinoma of the small 
intestine and liver metastases is presented. 

The relationship of the predominantly 
right-sided valvular heart lesion and the can- 
cerous argentaffinoma of the smal! intestine is 
still obscure. 

Several references included in this 
paper which have not been previously men- 


are 


tioned in other reports. 
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SPRUE WITH BLEEDING FROM HYPOPROTHROMBINEMIA 


MICHAEL J. MOORE, M.D., Roanoke, Va. 
WILLIAM H. STRICKLAND, M.D. 


and 
ROBERT W. PRICHARD, M.D., Winston-Salem, N. C. 


WOMAN with definitely diagnosed non- 

tropical sprue bled from multiple sites 

and was admitted to North Carolina Baptist 

Hospital in 1954. Hypoprothrombinemia 

was established, and she was treated with 

intravenous vitamin K, and fresh whole 
blood transfusions, with good results. 


REPORT OF CASE 

A 29-year-old white married woman was admitted 
on July 2, 1954, with a history of intermittent diar- 
rhea all of her life. Six weeks before admission she 
developed soreness of the heels and walking dif- 
ficulty followed by pain, swelling, and bluish-purple 
discoloration around the ankles and toes. Sub- 
sequently, pain, swelling, and bluish-purple dis- 
coloration appeared in the knees, elbows, and the 
right shoulder, followed by fever, gingival hemor- 
rhage, and epistaxis for three days before admission. 
Menstrual flow was profuse. Confusion and delirium 
appeared two days before admission. 

Past History.—There had been two previous ad- 
missions, the first on Nov. 9, 1943, with watery 
diarrhea, fever, anorexia, and weight loss. Physical 
findings included splotchy brown pigmentation of 
the face and vague left upper quadrant abdominal 
tenderness. Laboratory findings were normal except 
for a “flat” glucose-tolerance curve and reduced 
total serum proteins. Small bowel x-rays showed 
an abnormal jejunal pattern, with flocculation of 
barium in the upper ileum. The colon was large and 
atonic during barium enema examination. 

A second admission was on July 24, 1953, with 
recurrent diarrhea every six months since the 
previous discharge. Stools were watery for a few 
days at intervals; otherwise, they had been foamy. 
An episode of “drawing of the hands,” suggestive of 
hypocalcemic tetany, had occurred with an abortion 


Submitted for publication Sept. 22, 1955. 
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Ecchymosis of shoulder in patient with hypopro- 
thrombinemic sprue. 


one year earlier. Facial and neck pigmentation was 
still present, and carpopedal spasm of the extremi- 
ties was elicited. Laboratory findings included a 
normochromic slightly hypochromic anemia, flat 
glucose-tolerance curve, and low total serum pro- 
teins, and the stool contained a large amount of 
neutral fat. BUN, calcium, phosphorus, alkaline 
serum K and Na, pro- 
Kepler-Power- 


phosphatase, chlorides, 


thrombin time, Thorn test, and 
Robinson test were normal. X-rays of the _ small 
bowel and colon were similar to previous films. 
Diagnosis on this admission was nontropical sprue. 

On the last admission the hemoglobin was 5.4 gm. 
per 100 cc., with microcytosis and hypochromia. 
One-stage Quick prothrombin time was 124.5 
seconds, with a control of 14.0 seconds. She was 
treated with transfusions of fresh whole blood and 
phytonadione (vitamin K;) oxide intravenously and 
did well, the prothrombin time being normal on the 


second hospital day. 





SPRUE WITH BLEEDING 

Since discharge, the patient has been maintained 
on a sprue regimen with protein food supplements 
and has been slightly improved. 


COMMENT 

Authorities differ slightly over the termin- 
ology and classification of sprue, idiopathic 
steatorrhea, and celiac disease * and also in 
regard to the blood picture,t the extent of 
steatorrhea ® the patient must have, and the 
relative severity of the illness before it is 
diagnosed as sprue.t “Malabsorption syn- 
drome” is often used to encompass the entire 
group. We feel that our patient merits the 
diagnosis of sprue, but it is not within the 
scope of this article to discuss the above 
phases further. 

Kark reported the first patient similar to 
ours in 1940.° He had extensively reviewed 
the previous literature and listed 25 patients 
with sprue and hemorrhagic tendencies, but 
prothrombin times had not been available 
to the various authors. Allen,’° Ingelfinger," 
Collins and Hoffman,’* Bjerkelund,'* and 
Passera ** reported a total of five more pa- 
tients proved to have sprue, hypoprothrom- 
binemia, and a concurrent hemorrhagic di- 
athesis. Alpers’*® patient with sprue had a 
bleeding tendency while at home and was 
found to have a prolonged prothrombin time 
when admitted to a hospital at a later date. 
Snell *® described a patient with sprue who 
died at home “in a manner strongly suggestive 
of a prothrombin deficiency,” although no 
prothrombin times had been recorded. Kan- 
ter,*’ Adlersbert and Schein,** and others 
have mentioned sprue patients who had 
hemorrhagic tendencies and who may well 
have had hypoprothrombinemia, although 
some of the patients also had such conditions 
as duodenal and esophageal ulcers which 
could have accounted for their gastroin- 
testinal bleeding. 

Several sprue patients, without hemor- 
rhagic tendencies but with prolonged pro- 


* References 1-3 and Bockus, H. L.: Personal 
communication to the authors. 

+ References 3-5 and Bockus, H. L.: Personal 
communication to the authors. 

t References 7 and 8. 


thrombin times, had been reported prior tu 
Kark’s article,§ and others have been re- 
ported since.| 

Bockus { and others have stated that pro- 
thrombin deficiency is not rare in patients 
with steatorrhea, and Bockus has described 
a patient with the diagnosis of idiopathic 
steatorrhea# who had bleeding from the 
urinary tract and gums, with a rather marked 
and persistent hypoprothrombinemia. Lepore 
described two similar patients * and has had 
four others since that time.* 
with hemorrhagic 


Kark divided cases 


manifestations into latent hemorrhagic hypo- 
prothrombinemia and spontaneous hemor- 


rhagic hypoprothrombinemia, stating that 
when the blood prothrombin falls to 35% 
of normal there will be hemorrhagic mani- 
festations at the site of obvious trauma in 
the latent form and that when the blood 
prothrombin time falls to 15% to 20% of 
normal hemorrhagic diathesis becomes ap- 
parent in the “spontaneous” form.? He 
believed that a low-fat diet precipitated the 
severe hypoprothrombinemia accompanying 
hemorrhagic diathesis in his patient and 
others. This was apparently true in Alpers’ ° 
patient and may have been a factor in the 
remaining cases. Our patient, like most of the 
others, was given a diet low in fat after her 
diagnosis was made, but the family finances 
did not permit her to follow any diet con- 
sistently. 

Much has been written about the various 
metabolic defects in sprue,} and there is no 
indication to repeat these results and theories, 
as our main interest is etiology of the hypo- 
prothrombinemia alone. The consensus is that 
the defect in fat absorption is the main fac- 
tor, since vitamin K is fat-soluble. Hyper- 
motility of the intestine may play a small 
part. 


§ References 19-21. 

|| References 6, 7, and 22-25. 

{| Reference 26, p. 245. 

# Reference 26, pp. 243-244. 

* Lepore, M. J.: Personal communication to the 
authors. 

+ References 2 and 27. 
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With regard to therapy of choice in hypo- 
prothrombinemia due to absorption diffi- 
culties, water-soluble vitamin K substances 
or phytonadione have been reported to be 
equally effective, the latter in amounts as 
small as 5 mg.”® 


SUMMARY 


A patient with sprue and spontaneous 
hemorrhagic diathesis is presented, and the 
literature on the subject reviewed, with brief 
mention of therapy. 
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CHRONIC LYMPHOCYTIC LEUKEMIA 
Report of a Case with Marked Uric Acid Crystalluria 


ROBERT L. BRUTSCHE, M.D., Springfield, Mo. 
and 
ALEXANDER A. DOERNER, M.D., San Francisco 


INTRODUCTION 


YPERURICEMIA, with and without 

renal involvement, has become recog- 
nized as a complication of leukemia and other 
allied disorders.’ This may be seen in the un- 
treated patient, but it is more commonly 
observed following therapy by those agents 
causing rapid cell destruction.* We wish to 


report such a case that was followed closely 


for eight months. 
REPORT OF CASE 

A 45-year-old white man, American seaman, was 
admitted to the U. S. Public Health Service Hos- 
pital, San Francisco, on Jan. 6, 1954, because of 
swelling in the neck. He had been perfectly well 
until 10 days prior to admission, when he noticed 
These were 


neither painful nor tender, but they continued to 


nodular enlargements in his neck. 
increase in size gradually. He was otherwise asymp- 
tomatic, and past history was noncontributory. 

Physical examination revealed a short slightly 
obese white man with moderate pallor. Temperature 
was 100 F; pulse rate, 92; respiration rate, 20; 
blood pressure, 100/60 mm. Hg. There was pro- 
nounced generalized discrete lymphadenopathy in- 
volving the posterior cervical, submandibular, sub- 
mental, preauricular, postauricular, epitroclear, 
inguinal, and popliteal regions, with greatest en- 
largement in the anterior cervical and axillary 
areas. The abdomen appeared distended, and the 
liver was palpable to the umbilicus. The spleen was 
enlarged to the umbilicus, firm and slightly tender. 
The remainder of the examination was within nor- 
mal limits. 
shicctaiaiialind 

Submitted for publication June 17, 1°55. 

From the Medical Service, United States Public 
Health Service Hospital, San Francisco. 


* References 2-5. 


\ urinalysis, including microscopic examination 
of the sediment, was within normal limits. Exami- 
nation of the blood revealed VDRL test, negative; 
hemoglobin, 10.8 gm.; hematocrit 
WBC, 162,400, with a differential 
neutrophiles and 95% mature lymphocytes. 
nal bone marrow aspiration showed marked pre- 
A chest x-ray 


value, 35%; 
oa 


count of 5% 
A ster- 


dominance of mature lymphocytes. 
prominence of the pulmonary hili 
with lymph- 


revealed and 


superior mediastinum, compatible 
adenopathy. 

Course in the Hospital—The patient was placed 
on ambulatory status, given a regular hospital diet 
with vitamin supplements, and given oral fluids as 
desired. X-ray therapy was started on Jan. 22 with 
50 r to the spleen, which was repeated on Jan. 25, 
Jan. 26, and Jan. 31. On Jan. 26, a dose of 50 r 
was given to each inguinal area. Rapid reduction of 
white cell count occurred during this period, reach- 
ing 59,100 on Feb. 1. On Jan. 31 the patient de- 
veloped typical renal colic bilaterally. An x-ray of 
the abdomen showed no opaque calculi. There 
was no oliguria, but urinalysis revealed marked 
Pain was 
general 


hematuria and uric acid crystalluria. 
readily controlled with morphine, and 
malaise rapidly improved with supportive measures. 
Oral sodium bicarbonate was given in the amount 
of 8 gm. per day to provide an alkaline urine. 
Three days after onset of pain, the NPN was 66 mg. 
per 100 cc. and the uric acid was 14 mg. per 100 cc 
The urine gradually cleared, and the blood uric acid 
dropped to a low of 5.4 mg. per 100 cc. The white 
cell count reached a minimum of 26,500 on Feb. 11, 
accompanied by marked lymph- 
adenopathy. During the next two weeks, however, 


regression of 


there was a gradual increase in weakness, malaise, 
and anorexia, and the white blood cell count rose 
rapidly to a high of 123,000, on Feb. 25. Two grams 
of nitrogen mustard were given intravenously in 
equal daily doses over a four-day period starting 
Feb. 23. This resulted in a definite reduction in 
white cell count to 26,200 in one week, with eleva- 
tion of uric acid to 9.5 mg. per 100 cc. without 
evidence of urinary tract difficulty. Sodium bicar- 
bonate was discontinued on March 3. There was 
slight reduction in splenomegaly and hepatomegaly 
following treatment, but this was not striking. 
With a return of increasing symptoms and rising 
white cell count to 62,400, x-ray therapy was again 
started on March 16 with 50 r to the spleen, re- 
peated on March 29 and April 1. On April 5, a dose 
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of 50 r was given to each inguinal region. There 
was alleviation of symptoms, with a striking reduc- 
tion of white cell count to 4500 by April 8 No 
complications were encountered, and there was no 
significant hyperuricemia, the maximum being 6.9 
mg. per 100 cc. Cortisone was given in reducing 
dosage during the last three weeks of March, start- 
ing at 200 mg. daily. This was complicated by sig- 
nificant fluid retention, which was satisfactorily 
controlled by the parenteral of 
meralluride. 


administration 


The patient continued to show a normal white 
cell count and was essentially asymptomatic. Lymph- 
adenopathy remained minimal, although the liver 
and spleen were quite enlarged. He was discharged 
o outpatient status on May 12. 

On May 26 he was readmitted to the hospital, 
stating that he had become progressively weak and 
anorexic since discharge. Physical examination re- 
vealed a marked increase in generalized lymph- 
adenopathy with slight increase in hepatomegaly and 
splenomegaly (Fig. 1). On the following day he 
experienced an episode of typical right renal colic 
accompanied by marked hematuria and slight uric 
acid crystalluria. White cell count was 63,000; 
hemoglobin, 12.4 gm.; NPN, 43.5 mg. per 100 cc., 
and uric acid, 5.3 mg. per 100 cc. Again there was 
rapid response to supportive therapy over a 24-hour 
period. X-ray treatment was given to both cervical 
regions on June 7 and to the entire trunk on June 
17. Marked reduction of lymphadenopathy followed, 
with return of the white cell count to 6200. Uric 
acid rose to a maximum of 12.6 mg. per 100 cc. on 
June 21. There was only slight symptomatic im- 
provement with slight reduction of pedal edema 
following parenteral meralluride. By July 12 the 
white cell count had again risen to 64,800 and symp- 
toms were becoming worse. Despite weekly total 


Figure 1 
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Figure 2 
body irradiation with resulting fall of the white cell 
count, progressive weakness, anorexia, weight loss, 
and fluid retention continued. There was no apparent 
benefit from a two-week course of phenylbutazone 
given in reducing dosage, starting at 600 mg. daily. 
Edema in the left leg became more pronounced, 
apparently owing to local obstruction; however, 
visible and palpable nodes did not increase in size 
appreciably. He continued to go gradually down- 
hill and died on Aug. 26, 1954. Terminal uric acid 
levels averaged 16 mg. per 100 cc. Throughout both 
periods of hospitalization, he was maintained on 
vitamin, iron, and cobalt supplements, and a total 
of twenty-one 500 ml. volumes of whole blood was 
administered. Platelet bilirubin 
and electrolyte levels remained essentially normal. 
Several bone marrow aspirations revealed no es- 
sential change from the original specimen. 
Autopsy 
but 
mediastinal, 


counts and serum 


hydrothorax was 
There 


para-aortic 


Findings.—Bilateral 
present. 
and 


ascites was was 


mesenteric, 


noted, no 
marked 
lymphadenopathy, with individual nodes measuring 
to 3 cm. in diameter and masses of nodes to 10 cm. 
The ureters were noted to be surrounded by en- 
larged nodes at many points, although no attempt 
was made to demonstrate the degree of obstruction. 
Microscopic examination of the lymph nodes con- 
firmed the diagnosis of lymphocytic leukemia. The 
kidneys were of normal size, somewhat pale, and on 
longitudinal section showed extensive deposition of 
a soft grainy golden material in the calyces and 
pelvis (Fig. 2). On microscopic section these de- 
posits were identified as uric acid and were also 
noted in the lower tubules. There were slight 


nephrosclerotic changes. 


COMMENT 


It is accepted that leukemia is associated 
with increased cell destruction, resulting in 
increased breakdown of nucleoprotein with 
liberation of uric acid. This in turn results 
in increased urinary excretion of uric acid 
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and its salts. Following therapy with those 
agents resulting in rapid cell disintegration, 
marked hyperuricemia may result. This may 
(1) exist without symptoms, (2) become 
manifest as secondary gout,® or (3) become 
manifest as ureteral obstruction ! either (a) 
by actual stone formation or (b) by ureteral 
packing with uric acid “sand.” These urologic 
complications of leukemia are apparently due 
primarily to this mechanism. However, var- 
ious reports have suggested that other factors 
play a significant etiological role; viz, pre- 
viously existing renal insufficiency,” leukemic 
infiltration of the kidney,’ acid urine,® and 
insufficient fluid intake.© We wish to add 
another factor which may play an important 
part in maintaining pronounced crystalluria. 
In our case it is noted that the two epi- 
sodes of renal colic occurred (1) shortly 
after admission, when lymphadenopathy was 
marked and extensive x-ray therapy had 
resulted in hyperuricemia; (2) after a pro- 
longed period of rest from specific therapy, 
when lymphadenopathy was again pro- 
nounced, treatment had not been restarted, 
and hyperuricemia was not present. It is 
further noted that despite definite hyper- 
uricemia following nitrogen mustard therapy, 
and both hyperuricemia and crystalluria 
following x-ray therapy in July, there was 
no renal colic. On both occasions, it is noted 
that palpable lymph nodes were very small. 
This suggests that partial ureteral obstruc- 
tion due to marked retroperitoneal node 
enlargement may be a precipitating factor 
in impeding the rapid passage of urates 
through the urinary tract. Weisberger and 
Persky* have found that the urinary ex- 
cretion of uric acid in chronic myelogenous 
leukemia is more than twice that in chronic 
lymphocytic leukemia and almost twice that 
in lymphosarcoma. Yet they further indicate 
that the incidence of urinary calculi is equal 
in chronic lymphocytic and chronic myelog- 
whereas the incidence in 


enous leukemia, 


lymphosarcoma is twice as great. Significant 
lymphadenopathy, of course, is not nearly 
so common in myelogenous leukemia as it 
is in lymphocytic leukemia or lymphosar- 
coma. This emphasizes the disparity between 
uric acid levels, per se, and the formation 
of urinary calculi. 

The autopsy findings show the definite 
involvement of the retroperitoneal nodes and 
illustrate extensive packing of the calyces 


with uric acid “sand.” 


SUMMARY 

A case of chronic lymphocytic leukemia 
demonstrating hyperuricemia with signifi- 
cant packing of the urinary tract with uric 
acid crystals is presented. 

The mechanism involved in this compli- 
cation is discussed. 

The enlargement of the retroperitoneal 
lymph nodes, causing partial ureteral ob- 
struction, is suggested as a possible addi- 
tional factor leading to symptoms of renal 
colic. 
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Books 


EpItep By WILLIAM B. Bean, M.D. 


Probleme und Beispiele biologischer Regelung. By Prof. Dr. R. Wagner. Price, $7.00 

Pp. 219, with 38 illustrations. Georg Thieme, Herdweg 63, (14a) Stuttgart, Germany, 1954. 

Essentially, this book attempts to apply the nomenclature of electronic regulatory mechanisms 
to the physiologic control of willed motion and of the circulation. The principles of feedback and 
servomechanisms in technique are considered. They are then discussed in detail in relation to 
reflex and orderly volitional activity of striated muscles. The role of muscle spindles and tendon 
organs, for example, is treated as a feedback to anterior horn cells and higher motor centers 
Similarly, the author deals with the problems of control of blood pressure, of peripheral blood 
flow, and of cardiac activity. 

The author believes that he clarifies and explains physiologic data. I can not share this 
enthusiasm and have gained little by carefully studying the 210 pages of this book. 

The writing is in an exceptionally complicated German. It is unusual to call muscle spindles 
“dilator receptors.” There are other minor abuses of English terms. However those who favor 
the application of technical terminology in physiology will find a great deal of information in the 
book. K. Harpuper, M.D 


Management of Disorders of the Autonomic Nervous System. By L. T. Palumbo, M.D. 
Price, $5.00. Pp. 186, with 53 illustrations. The Year Book Publishers, Inc., 200 E. Illinois St., 
Chicago 11, 1955. 

A therapeutic manual, to serve any useful purpose, should either present new material or 
present well-established facts better than they can be presented elsewhere. To cover the manage 
ment of disorders of the autonomic nervous system in 186 pages is beyond the scope of most 
experts who devote their lives to the subject. It has not been accomplished here. The chapters on 
anatomy, physiology, and pharmacology are routine, and there is not enough space available for 
including important details. To some extent, therapy is evaluated in terms of future hopes rather 
than observed and critically analyzed experience. It is unfortunate but true that books as short 
as this make almost impossible demands on the author to achieve needed compression without loss 


of essential detail or to present new experiences without restriction merely to one view of a 


problem. WittiaM B. Bean, M.D. 


Introduction to Virology. By Gilbert Dalldorf, M.D. Price, $3.50. Pp. 102, with 9 illustrations 

Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, IIl., 1955. 

In one hundred pages we have here the essentials of virology written in a straight-forward 
fashion by an expert. Dr. Dalldorf is the Director, The Division of Laboratories and Research of 
the New York State Department of Health. He writes of the “opportunities for the virus 
fisherman” and in particular for the hospital pathologist starting with “one agate mortar and 
pestle.” The book deals systematically with poxes and rashes, diseases of the liver, lungs, and 
central nervous system. The last two chapters, dealing with the setting up of a virus laboratory 
and the common techniques used, are particularly valuable. 

This monograph makes excellent spare-time reading. It leads the student from the early 
observation that the word virus means a poison and that measles was transmitted experimentally 
to volunteers in 1758 to the latest tissue-culture techniques and hemagglutination-inhibition tests. 
Here we find simple explanations of virological jargon which often is a block to understanding 
by the uninitiated. Recombination, interference, and cold agglutination are all translated into 


everyday language. This is an exciting story given in a largely chronological sequence, which 
helps the reader understand the growth of the subject and the problems of the future. The 
clinical differences between infectious hepatitis and serum hepatitis are explained, and many 
other practical questions are answered. Scattered throughout this volume are short pithy state- 


ments of great value such as “laboratory diagnosis is more efficient and productive if advantage 
is taken of clinical and epidemiologic information in planning the examination.” 

As well as the hospital pathologist, students, internists, and general practitioners will gain 
greatly by the few hours needed to read this excellent synopsis. Buy it for your next trip by plane 
oF eam. J. Mactean Situ, M.D. 
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PROVED ANTICHOLINERGIC EFFICIENCY 


Pro-Banthine’ Provides 
Rapid Relief in Acute Pancreatitis 


Pro-Banthine inhibits excessive vagal stimulation 
of the stomach and pancreas and reduces'” 


both gastric and pancreatic secretions. 


Sites of Action of Pro-Banthine With use of the Levin tube and a 
s drug “such as Pro-Banthine... 
j ‘~ — = 
f Nyy VAGUS NeRve most cases of acute pancreatitis* 
N is Ce 
~ PARASYMPATHETIC EFFECTOR will subside in a few hours, or at 
SS QD ACETYLCHOLINE . 9 
ie the most, in a few days. 
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PREGANGLIONIC & six patients with acute hemor- 
FIBER 


bj 


j 


é 


rhagic or edematous pancreatitis 
within twenty to thirty minutes 
after giving Pro-Banthine intra- 
muscularly. A dose of 15 to 30 
mg. may be repeated! parenter- 
ally at intervals of six hours. 
Pro-Banthine bromide (brand 
of propantheline bromide) also 
has proved highly effective in the 
therapy of peptic ulcer, hyper- 
trophic gastritis, diverticulitis, bil- 
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iary dyskinesia, ileostomies and 
genitourinary spasm. G. D. Searle 
& Co., Research in the Service of 
Medicine. 
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(Sept.) 1955. 

2. Zollinger, R. M.: Postgrad. Med. 15: 
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Personal communication, February, 
1955. 
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Sites of Action of Pro-Banthine. The principal site of action of 
Pro-Banthine is on the parasympathetic system where it exerts a dual 
action while exerting a single and lesser action on the sympathetic 
system: (1) parasympathetic effector; (2) parasympathetic ganglion; 
(3) sympathetic ganglion (see arrows). 





New. «and a Major Advance in Treatment of 
ASTHMA 


MEDIHALER 


F ully effective nebulization with 
your favorite bronchodilator* 


A nonbreakable plastic case, 

convenier* for mother to UNIFORM DOSAGE 
carry in pocket, purse, or 

picnic basket, contains 
Medihaler Oral SELF POWERED 
\. Adapter and medi- 

‘ cation* (in leak- 
proof, spillproof ECONOMICAL 

a) Unbreakable Adapter 


b) No Medication Loss from 
Spillage or Oxidation 


UNIFORM PARTICLE SIZE 
80% between 4 and 4 
microns radius 


* MEDIHALER-EPI™ 


0.5% solution of epinephrine 
Insert valve of medication vial HCl U.S.P 
snugly into Adapter...Takes sei gia 
only a moment...Nothing to 


4 pour .. .No complicated gadgets sk MEDIHALER-IS o™ 


” 
VOLES eS ee ee 0.25% solution of 
imple and notably safe to ad- . x x 
minister to children... Uniform isoproterenol HC1US.P. 
dose every time ... True nebuli- 
zation...No choking liquid to 
run down pharynx. 




















follow this simple form of 





Only one or occasionally two 
applications abort most attacks. 
Each 10 cc. vial of Medihaler 
medications provides 200 inhala- 
tions. Most economical...No 


waste... Foolproof. epee 


ANOTHER RIKER FIRST 








.) ee red, 


peach-colored, newest 
liquid form of the 
established broad- 
spectrum antibiotic... 
TERRAMYCIN®t 

125 mg. per 5 ee. 
teaspoonful; 

specially homogenized 
for rapid absorption; 
bottles of 2 fl. oz. 

and 1 pint, packaged 


ready to use. 


Delightful peach taste in 
broad-spectrum therapy 


ry 


teem i 


BRAND OF OXYTETRACYCLINE HOMOGENIZED MIXTURE 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 


“Trademark tBrand of oxytetracycline 





makes albuminuria letectjon simple, rapid 


BUMINTEST” 


reagent tablets — 





RAPID ...detects albuminuria in a few seconds 
SIMPLE...no other reagents needed—no flame required 


RELIABLE ROUTINE...readily-observed turbidity produced 
only by clinically significant albuminuria 


Supplied in bottles of 32, 100 and 500 reagent tablets. [Reagent solution (5%) 
is prepared by dissolving 4 Bumintest Reagent tablets in 
1 ounce (30 cc.) of water.] 


(Sy AMES COMPANY, INC- ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 


03756 











prothrombin time NEW coagulase test 


if your laboratory performs these tests... 


Prothrombin Time —Diagnostic Plasma Warner-Chilcott (the only lyophilized 
normal plasma for thromboplastin control reported in the medical literature’*) 
is ready for use at a moment’s notice. Rigidly standardized to give consistent, 
accurate, reproducible results, Diagnostic Plasma eliminates the uncertainties 
of random donor “normals.” 

Coagulase Test —“. .. the most reliable, single in-vitro criterion for the identi- 
fication of pathogenic staphylococci,””® this test requires absolutely fresh, normal 
plasma. With convenient Diagnostic Plasma, you are always sure of accurate 
results. 

Easy to prepare: Just add distilled water to the “no-waste” vial and Diagnostic 
Plasma is ready for immediate use. 

Supplied in boxes of ten 0.5 cc. vials, $9.00. 

References: 1. Hodes, M. E.: Clin. Chem. 5:59 (Aug.) 1953. 2. Wollenweber, H. L.: Current M. Digest 
21:109 (March) 1954, 3. Oktavec, W. A., Jr., and <r E. J.: Tech. Bull. Registry M. Tech. 24:28 


(Jan.) 1954. 4. Oktavec, W. Jr., and Smetana, E. J.: / . Clin. Path. 24:250 (Feb.) 1954. 5. Dubos, 
R. J.: Bacterial and Mycotic stions of Man, ed. 2, Philadelphia, J. B. Lippincott Company, 1952, p. 371. 


depend on Diagnostic Plasma 


WARNER-CHILCOTT 


Please send a trial supply of Diagnostic 
Plasma Warner-Chilcott for use in: 
[] Prothrombin Time Determination 
ae en SOF? [] Coagulase Test 





; eae Please furnish name of local supplier 
Laboratory Supply Division f f PE 0 


113 West 18th Street 
New York 11, New York 


institution 








what portion of the 


caloric intake 


can /t supply? 


A striking observation was made in a 
recently reported nutrition study. Un- 
dernourished children in a German 
orphanage, placed on diets providing a 
high percentage of their total calories 
in the form of bread, not only improved 
in health, but “in spite of the simple diet 
provided” gained in weight and increased 
in height at a highly satisfactory rate.* 

The children received daily supple- 
ments of vitamin A, 2000 I.U., vitamin D, 
1000 I.U., and ascorbic acid, 25 mg. 

In the words of the investigators: ‘“‘One 
of the most striking findings, . . . and 
perhaps the most unexpected one, was the 
remarkable way in which the general con- 
dition of all the children... improved...” 

‘Probably the most important finding 
concerns the high nutritive value of 
wheat in any of the forms customarily 
consumed by man... . [The diets fed] 
provided undernourished children aged 
5-15 years with all the nutrients required 


for a high rate of growth and develop- 
ment for a period of 18 months.” 
Enriched bread, made from 70 per 
cent extraction flour and very similar 
to enriched bread sold in the United 
States, wasamong the breads used. While 
the diets used in this study are not jus- 
tified in this country with its abundant 
food supply, hence do not merit consid- 
eration for applicability here, they never- 
theless serve to emphasize again the high 
nutritional value of 
enriched bread. 


*Widdowson, E. M., and 
McCance, R. A.: Studies on the 
Nutritive Value of Bread and 
on the Effect of Variations in the 
Extraction Rate of Flour on the 
Growth of Undernourished 
Children, Medical Research 
Council, Special Report Series, 
No. 287, London, Her Majesty’s 
Stationery Office, 1954. 


The nutritional statements made in this advertisement 
have been reviewed by the Council on Foods and Nutri- 
tion of the American Medical Association and found 
consistent with current authoritative medical opinion. 


AMERICAN BAKERS ASSOCIATION 20 North Wacker Drive « Chicago 6, Illinois 





THE MILTOWN MOLECULE 


A tranquilizer well suited for prolonged therapy 


NO ORGANIC 
CONTRAINDICATIONS 


reported to date 


@well tolerated, non-addictive, essentially non-toxic 

@no blood dyscrasias, liver toxicity, Parkinson-like syndrome or nasal stuffiness 
@chemically unrelated to chlorpromazine or reserpine 

@does not produce significant depression 

@orally effective within 30 minutes for a period of 6 hours 


Indications: anxiety and tension states, muscle spasm. 


Miltown 


the original meprobamate—2-methy|-2-n-propyl-1,3-propanediol dicarbamate—U.S. Patent 2,724,720 
SUPPLIED: 400 mg. scored tablets. Usual dose: 1 or 2 tablets t.i.d. 


DISCOVERED AND INTRODUCED by Wallace Laboratories, New Brunswick, N. J. (Vy) 
Ah 


Literature and Samples’ Available on Request 





¢ 


improves mental outlook 

The unique tranquilizing effect of 
‘Thorazine’ helps the cancer patient to 
overcome his manifold fears and anxi- 
eties, thus improving his mental outlook 


and making him easier to care for. 


relieves concern over pain and reduces 
suffering 

By alleviating the tension and apprehen- 
sion that magnify the patient’s reaction 
to pain, “Thorazine’ reduces his suffering. 
When ‘Thorazine’ is used, the dosage 
of narcotics and sedatives can usually be 
reduced. 


controls nausea and vomiting 
‘Thorazine’ promptly controls nausea 
and vomiting due either to the malig- 
nancy or to distressing therapies such as 
irradiation and nitrogen mustards. 


‘Thorazine’ should be administered discrimi- 
nately and, before prescribing, the physician 
should be fully conversant with the available 
literature. 

‘Thorazine’ is available in ampuls, tablets and 
syrup (as the hydrochloride), and in supposi- 
tories (as the base). 


Smith, Kline & French Laboratories, Philadelphia 


*T.M. Reg. U.S. Pat. Off. for chlorpromazine, S.K.F. 





